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DATA SHEET CLASSIFICATIONS 


Product Preview 


This heading on a data sheet indicates that the device is in the 
formative stages or in design (under development). The disclaimer at 
the bottom of the first page reads: “This document contains 
information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice.” 


Advance Information 


This heading on a data sheet indicates that the device is in sampling, 
pre-production, or first production stages. The disclaimer at the 
bottom of the first page reads: “This document contains information 
on a new product. Specifications and information herein are subject 
to change without notice.” 


Fully Released 


A fully released data sheet contains neither a classification heading 
nor a disclaimer at the bottom of the first page. This document 
contains information on a product in full production. Guaranteed limits 
will not be changed without written notice to your Motorola 
Semiconductor Sales Office. 


The data sheets contained in this book were the most current available as of the date 
of publication, February 1996. 


A more current version of data sheets designated Product Preview or Advance 
Information may be available. 
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This book presents technical data on a broad line of integrated circuits useful in a wide variety of PLL 
(Phase—Locked Loop) applications. Complete specifications for individual circuits are provided in the form 
of data sheets. In addition, an introductory section is included to simplify selection of the proper 
component(s) for a given set of application requirements. The Hi—Performance and Communication 
Products family of Frequency Control PLL products is growing rapidly. For data sheets designated as 
“Product Preview” or “Advance Information,” as well as new products, please contact your Motorola 
representative. 


Motorola reserves the right to make changes without further notice to any products herein. Motorola makes 
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, 
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifi- 
cally disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” 
parameters can and do vary in different applications. All operating parameters, including “Typicals” must be 
validated for each customer application by customer’s technical experts. Motorola does not convey any 
license under its patent rights nor the rights of others. Motorola products are not designed, intended, or autho- 
rized for use as components in systems intended for surgical implant into the body, or other applications 
intended to support or sustain life, or for any other application in which the failure of the Motorola product could 
create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products 
for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, 
employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and 
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negligent regarding the design or manufacture of the part. Motorola and @) are registered trademarks of 
Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer. 


© Motorola, Inc. 1996 
Previous Edition © 1995 
“All Rights Reserved” Printed in U.S.A. 


MOSAIC Ill, MOSAIC V and /nterActiveApNote are trademarks of Motorola, Inc. 


All other brand names and product names appearing in this publication are registered trademarks or tradeamarks of their respective holders. 


Table of Contents 


Introduction 


Selector Guide: oc. coe se ee A ee eh ck eet ee ee ae hee ek Lhe 


Data Sheets 


Prescalers 
Prescaler Selection: Table: -cci.cowi sty cee ndens 205 Ge new ONS HS HA ORR ES ORS 
MEN 204 ws ce adie oo oa lial Sere aptoane ae aM al ales. Boh ee earns Hane Bae 
WIG 12016 orice ence diag aon Sa one oe wie ae eae rial See ners 
NMCT20 17 oon cay ee tenes Orta a icin Re ee ele agi aia wale a Bae oats 
WIGI2Z016 oi: ttc eteeiaeee eee a Soca ees ene octane wabewrean 
MG TAO TO. ee Seca Laud ob aig buen mals Bee Gothehd dts aed a eee Sala 
NMC 1202 2A Bs eG see otk edb e hed castles ya dee ee oeeheescaue 
MET 2022 VAIB x 525852) cae ee Ba act ada Scie eee Ae ne knee eae 
MC12022SLA)B pci c a laterite ait ss eee eee Soo tame a tai ee ie 
ME12022 TSAIB: ates ei era ere eeats haar se euse dd sie aed eb kOe 
WIG ZOQQTNAIBE 28:3 fs-ihe rig ines a Sera yh nk Oa Siero BURIED ee Bark Oa Ss 
WC PO 2S aacotm he soutae sen mia Nese wee ie ces Rok BE Saeko Om eran diate aes Mee ric 
MGT 2025s 5 exact Ore ats oh SS Se doe ud De ih hd De hn deans ar Oak Bae ea 
MGT OP OAIB shied ann ta eb canarieee Maree Bde ie dit ler tae uate ate Sates oot a we 
MIG 12028 AV Bs 34.44 od hoahiwrde tlatence eee tia ous aia eearew eee ae 
MOTOS LAID aise ene owneauteruinevene es ot aaa atat detan eye cite tas eee 
WC I2032A/B sot au Patera cacuskene nike eS ae tou Ona Meanie wees 
MIG 1203 3A) Bs s.cani4 ee receytd hie tewsa yeaa may eee See bea cous 
MC T20S 4A) Bids ton hb Selo 38a b een sh ube ds dewee eae bOsee Wavee ens 
MG AZOS0A/B x8 wae eae es teas eon dee ahs eee es bak dn ee ee ns ae 
MCT ROBB Ait suit Chico tented bands on gtentnd tae cae he Se ee Aes 
MG 1205 2A sacs ieeutec ays eaaad secede eek aae Maca RCRA ONIN eae 
MOS BAe a aideecial wig obra ataas oie aon lee Mesa aie eee paw ae ee ae ete as ate 
MCT 2OSFA oa cies jp eccen e eae apuctroaseheurdes wae Rah Aeneas Be Oe prem es 
WIC T2058 ids, i clesacai tant dod 8 os dee Gent Sue de dB aneraeraty maw S aeauce mre Low eRa eee 
D2 FS ics se eae eas cee ek Sees tel eS eather aka di ana oh ap oe ean 
WIG M20 7A ected bvaditia tenet tirang-v tute ia dunuss atla ke a we eae ae oe ee nea e 
WG 2 Fa sac ce ayia ately nace sured hich ag wicca tetanus ms dee icant eh od ee a eaten oat 
MGT 2076. sale edt deals ei Gutta pawns ee bee ROO Pata ewe Crees nus 
WG 1201 Bits ow tho caealca naan ween oe ade Tae ae eee rea ea etme es 
WIG 12079 eos bg kid ek Bea beeline aaa ee Die Oped CAAA RA ORE 
WTO BO ete oat cre apatite a yk ae Shed te demote Sy Dnt teeta Uo Lyte pega aN shot teh toe 
MCT 2068 Sve tata etna poten hen ek Se cad ee ee or alana are earn ews eee 
WET 208 Oie Vaca tle ee Oe oy Week ne eek aatn a ene Ge ea ees 
MG12Z090 senuatind geedeat ene vet eset tal aedaie ey Go keh eta eee e ated 
MC 12098 sii ca te bee Oh ola enews era eee ed eee aad Bee eee mee ee 
MGI 2095s isa cata aw outeeinedae bite enee A ese dea needa me nel aan 


* = Represents information that has not appeared in previous issues of this book. 





Table of Contents (continued) 


VCM/VCOs | 
MC 1648 tt dng crt ose bane sundae namie iaida wt aneuloteiea taeengeeat steeeetathapeuachaes 104 
WIG1 G58 rcs uen eit cient ie yin ae ie aaa ar a ea a pare na ts 112 
MCW 21 Oe a: cscesenctedi css een eet seia a enna cere. al saat Gina rand we ata eee eS 116 
MGT21OIN is teaches be hens hu dete etisiel, 6G Baan ea ede da. Baa Calan ow se 122 
MGT 2147 cents ache snarl aed eaied ec owe ee aaa aw ween nae as 128 
MGV2140 vic end incest eee vanadate wate nado a kaa tw ade eames 139 
MOT 2Z1AG is caine ty nan uh ake a aregpaadae wales ae heu eee aee ye wlan 128 
Phase—Frequency Detectors 
MG 12040 ou nite odie ied hete hs wi ane ees ound aes Eales 154 
MGH12140/MCK12140 ie cue eaves ededa wee teodeiwent eased ees 158 
Frequency Synthesizers | 
WAC 2202. 6 cocina, 3 ian ct he rasta hth tere Ment dade, Ite dS Bad ca eat aiaien naa aie eine os ae 162 
MG12206 ste rGeticnam ar ononres the Meee senna es Gp eantuamoute 172 
MOA2Z21O is poate ia he a Ode wane te talk thd a erate enein eee ee! 182 
NAO! Sa yen ake ae ait aay nh aaa es Gone ee ae acne at 192 
WIG 2302 Be iis tea eae bei ase od airs ded es eer hea oie ida. aah ea a ean toes 202 
MG 12306 22 eile tee feta ube a vdd coeds wary Sta ahe N as here cu halen baad tad 213 
IN ANOS coset i ote Srnec ec nh weds Bee ahh ceed eR ae dese cet th crep na, nes teh adeno a 224 
Applications Informations 
Phase-Lock Loop Design Fundamentals (AN535/D) ............0.000e eee eeee 236 
Phase-Lock Loop Design Articles (AR254/D) ........... 0.0: eee ee 248 
Case OuulineS insets foes i ladteacons eRe ieariewatereads towne: 2. 268 
HOW 10 PINGS 2500.5. eyewear nies heeeaween cee mas ebay aie 274 


* = Represents information that has not appeared in previous issues of this book. 


Numerical Device Listing 


MC 1648 Voltage Controlled Oscillator 


MC1658 
MC12015 225MHz +32/33 Dual Modulus Prescaler 
MC12016 225MHz +40/41 Dual Modulus Prescaler 
MC12017 225MHz --64/65 Dual Modulus Prescaler 


MC12022A 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 


MC12022SLA |. 1.1GHz +64/65, +128/129 Low Power Dual Modulus Prescaler 
MC12022SLB 1.1GHz +64/65, +128/129 Low Power Dual Modulus Prescaler 


MC12022TSA 1.1GHz +64/65, +128/129 Low Power Dual Modulus Prescaler With 
On—Chip Output Termination 


Temperature | 
Range 


D,FN 
D,FN 


-30 to +85°C 
-30 to +85°C 
40 to +85°C 
40 to +85°C 
40 to +85°C 
40 to +85°C 
40 to +85°C 


Voltage Controlled Multivibrator 














—40 to +85°C 
—40 to +85°C 
—40 to +85°C 


afJo 
oO}] > 


Uj] 0 
en 


—40 to +85°C 
—40 to +85°C 
—40 to +85°C 
—40 to +85°C 


MC12022TSB 1.1GHz +64/65, +128/129 Low Power Dual Modulus Prescaler With —40 to +85°C | 


On—Chip Output Termination 


MC12022TVA —40 to +85°C 


1.1GHz +64/65, +128/129 Low Voltage, Low Power Dual Modulus 
Prescaler With On—Chip Output Termination 


MC12022TVB 1.1GHz +64/65, +128/129 Low Voltage, Low Power Dual Modulus —40 to +85°C 


Prescaler With On—Chip Output Termination 


MC12023 225MHz +64 Prescaler 
MC 12025 520MHz +64/65 Dual Modulus Prescaler 


MC12026A 1.1GHz +8/9, +16/17 Dual Modulus Prescaler 

MC12026B _—*|. 1.1GHz =8/9, +16/17 Dual Modulus Prescaler 

MC12028A 1.1GHz +32/33, +64/65 Dual Modulus Prescaler 

MC12028B 1.1GHz +32/33, +64/65 Dual Modulus Prescaler 

MC12031A 2.0GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 
MC12031B 2.0GHz +64/65, +128/1 29 Low Voltage Dual Modulus Prescaler 


MC12034A 2.0GHz +32/33, +64/65 Dual Modulus Prescaler 
MC12034B 2.0GHz +32/33, +64/65 Dual Modulus Prescaler 


| MC12036A 1.1GHz +64/65, +128/129 Dual Modulus Prescaler With Stand-By Mode 





0 to +70°C 
40 to +85°C | 
40 to +85°C 


--40 to 485°C | 
40 to +85°C 
-40 to +85°C | 
40 to +85°C | 
40 to +85°C 
40 to +85°C 
40 to +85°C 
40 to +85°C 
-40 to +85°C 
~40 to +85°C | 
~40 to +85°C._ | 
40 to +85°C | 





MC12036B 1.1GHz +64/65, +128/129 Dual Modulus Prescaler With Stand-By Mode —40 to +85°C 
MC12038A 1.1GHz +64/65, +127/128, +255/256 Low Power Dual Modulus Prescaler —40 to +85°C 
MC12040 Phase-Frequency Detector 14,20 | PBL FN 0 to +75°C 
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Numerical Device Listing (continued) 









Temperature 
Range 
D,SD- ~—40 to +85°C 


D, SD —40 to +85°C 


016056 | 


D, SD —40 to +85°C 
—40 to +85°C 


D, DT. —40 to +85°C | 
D, DT —40 to +85°C 
D,DT | -40to +85°C 





MC12052A 
MC12053A 


1.1GHz +64/65, +128/129 Super Low Power Dual Modulus Prescaler 


1.1GHz +64/65, +128/129 Super Low Power Dual Modulus Prescaler 
With Stand-By Mode 






MC12054A 
MC12058 
MC12073 
MC12074 1.1GHz +256 Low-Power Prescaler | 


ia 
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ee 
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mo12076 [1.2GHz +64 Prescar 
Ee 
Es 
Eee 
ee 
re 
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2.0GHz +64/65, +128/129 Super Low Power Dual Modulus Prescaler 
1.1GHz +126/128. +254/256 Low Power Dual Modulus Prescaler 
1.1GHz +64 Prescaler 


.U 
ia 












MCH/K12140 Phase-Frequency Detector . | 8 | 

























—40 to +85°C 


—40 to +85°C 
—40 to +85°C 


DT 
DT 
DT 
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Prescaler Selection Table 
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12054 
12058 
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12074 | 90 | 1100 | Single 
12075 300 | Single 


64/65 or 128/129 A 
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aes 
Leta Be 
[ewes or voariea [A 
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4.5-5.5 1.6 100 Standby/On-Chip Output 
Termination 

2.7-5.5 100 
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Oo 
jo) 


— 
i=) 
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ok 


le 
£55 200* | Differential PECL Outputs 
45-55 | 23.0 | 20* | 200* | Differential PECL Outputs 
0* 


A 
A 
A 
A 
A 
A 


— 
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126/128 or 254/256 


4.5-5.5 4.0 100 | 1000 | Short Setup Time on Modu- 
lus Control 
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12095 | 100 | 2500 | Single 27-55 1000 | Standby Power-Down 
* Specified as RMS 
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Dual Modulus Prescaler 


The MC12015, MC12016 and MC12017 are dual modulus prescalers 
which will drive divide by 32 and 33, 40 and 41, and 64 and 65, 
respectively. An internal regulator is provided to allow these devices to be 
used over a wide range of power-supply voltages. The devices may be 
operated by applying a supply voltage of 5.0Vdc +10% at Pin 7, or by 
applying an unregulated voltage source from 5.5Vdc to 9.5Vdc to Pin 8. 


225MHz Toggle Frequency 


Low-Power 7.5mA Maximum at 6.8V 
Control Input and Output Are Compatible With Standard CMOS 
e Connecting Pins 2 and 3 Allows Driving One TTL Load 
Supply Voltage 4.5V to 9.5V 


MAXIMUM RATINGS 


Ping | Remi P| 60 fv 
Tice | Power Supa Votass Pe | 100 
[a — | erento ares ood | 













ELECTRICAL CHARACTERISTICS (Vcc = 5.5 to 9.5V; Vreg = 4.5 to 


5.5V; $=. —40 to +85°C) 
fmax Toggle Frequency 
fmin (Sine Wave inp. 
Supply Current 
Control Input HIGH 
(+32, 40 or 64) 
Control Input LOW 
(+33, 41 or 65) 


Output Voltage Low1 
(Isink = 2MA) 


Input Voltage Sensitivity 
35MHz 
50-—225MHz 


Output Voltage HIGH? 
(lsource = SOLA) 


PLL Response Time 
(Notes 2 and 3) 


1. Pin 2 connected to Pin 3 

2. tpi =the period of time the PLL has from the prescaler rising output tranistion 
(50%) to the modulus control input edge transition (50%) to ensure proper 
modulus selection 

3. toyt = period of output waveform 
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MC12015 
MC12016 
MC12017 


MECL PLL COMPONENTS 


DUAL MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


PRESCALER BLOCK DIAGRAM 


Control 


0.001 | 


Signal 
Input 


Voltage 
Regulator 


1. Vreg at Pin 7 is not guaranteed to be between 4.5 and 
5.5 when VCC is being applied to Pin 8 

2. a 7 is not to be used as a source of regulated output 
voltage 
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520MHz Dual Modulus Prescaler 


The MC12018 is a dual modulus prescaler which divides by 128 and 
129. An internal regulator is provided to allow this device to be used over 
a wide range of power-supply voltages. The devices may be operated by 
applying a supply voltage of 5.0Vdc +10% at Pin 7, or by applying an 
unregulated voltage source from 5.5Vdc to 9.5Vdc to Pin 8. 


e 520MHz Toggie Frequency 

e Low-Power 8.0mA Typical 

e Control Input ls Compatible With Standard CMOS and TTL 
e Supply Voltage 4.5V to 9.5V 

e On-Chip 10KQ Resistor from Positive Edge to Ground 


Vcc Vreg SGND SIN 


8—Lead Plastic 


(Top View) 





MAXIMUM RATINGS 


[Symbot [ ___ Chariot ‘| enge | Unt 
[vieg | ReeueaveteePn7 +t __80 | vee] 
[vce | Power Supa votes. Fmd | __100__| Veo 
eC ae ee 
Tag | Storage Terperare ange | estore “0 


ELECTRICAL CHARACTERISTICS (Vcc = 5.5 to 9.5V; Vreg = 4.5 to 
5.5V; The: ~40 to +85°C) 


ax | Toggle Frequency 
12 Sine Wave Input) 


Control Input HIGH 
(+128) 

Control Input LOW 
(+129) 








| Input Voltage Sensitivity 
75MHz 
1 eanhaies 


. tpi =the — of time the PLL has from the prescaler rising output tranistion 
(50%) to the modulus control input edge transition (50%) to ensure proper 
modulus selection 

2. tout = period of output waveform 
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MCi12018 


MECL PLL COMPONENTS 


+128/129 
DUAL MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


PRESCALER BLOCK DIAGRAM 


Control 
{ | 


0.001,F | 


Signal 
input 7 


Signal 
GND 
0.001UF |. 
| 


= Vv 
eg 


Voltage 
Regulator 


1. Vie at Pin 7 is not guaranteed to be between 4.5 and 
5.5 when Vcc is being applied to Pin 8 
2. a 7 is not to be used as a source of regulated output 
voltage 
3. 10KQ pulldown recommended with negative edge 
output (Pin 2) 
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Dual Modulus Prescaler 


The MC12019 is a divide by 20 and 21 dual modulus prescaler. It will 
divide by 20 when the modulus control input is HIGH and divide by 21 
when the modulus control input is LOW. 


e 225MHz Toggle Frequency 
e Low-Power 7.5mA Maximum at 5.5V 


MECL PLL COMPONENTS 


e Control Input Is Compatible With Standard Motorola CMOS +20/21 


DUAL MODULUS 
PRESCALER 


Synthesizers 
e Emitter Follower Outputs 


Pinout: 8—Lead Plastic (Top View) 


NC Vcc S@nDd SIN 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX 
PLASTIC SOIC PACKAGE 8 Sag 
CASE 751-05 





PRESCALER BLOCK DIAGRAM 





Power Supply Voltage, Pin 7 ae Vde 
Operating Temperature Range —40 to +85 
Storage Temperature Range —65 to +175 







Symbol Characteristic 


fmax Toggle Frequency 
fmin (Sine Wave Input 
Supply Current 
( 


225 
) 
Control Input HIGH 2.0 
+20 





+20) 
Control Input LOW 
(+21) 


Output Swing Voltage 


Input Voltage Sensitivity 
20-—225MHz 


PLL Response Time 
(Notes 1 and 2) 


1. tp_p =the period of time the PLL has from the prescaler rising output tranistion 
(50%) to the modulus control input edge transition (50%) to ensure proper 
modulus selection 

2. tout = period of output waveform 
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1.1GHz Dual Modulus | MC12022A 
Prescaler MCi12022B 


The MC12022A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 


series in a PLL to provide tuning signals up to 1.1GHz in programmable MECL PLL COMPONENTS 
frequency steps. 


The MC12022B can be used with CMOS synthesizers requiring 


negative edges to trigger internal counters. | +64/65, +128/129 
A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 

divide ratio as desired. | DUAL MODULUS 
The Modulus Control (MC) selects the proper divide number after SW PRESCALER 


has been biased to select the desired divide ratio. 





e 1.1 GHz Toggle Frequency 

Supply Voltage of 4.5 to 5.5V 

Low-Power 7.5mA Typical 

Operating Temperature Range of —40 to +85°C 
Short Setup Time (tget) 16ns Maximum @ 1.1GHz 


Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL. Maximum Input Voltage Should Be Limited to 6.5Vdc 


1 


Pinout: 8—Lead Plastic (Top View) hee ee nee 


CASE 626-05 


‘& 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





Note: SW: H = Vcc, L = Open 
MC: H = 2.0 V to Vcc, L = GND to 0.8 V 


MAXIMUM RATINGS 






[a 
CAR nn ae NCNM = Ta So 
[Ta] Operating Tomperaurefange ———SSCSC~C~“‘“*S*~“‘“‘“‘“dtCSC WSCC 
[uc | Modis Conta Pe ___————SSSSSSS~dYC Os 


= MOTOROLA 
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ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = 


MC12022A MC12022B 


-40°C to +85°C) 


| Supply Current Output Unloaded (Pin 2) 


Divide Ratio Control Input Low (SW) 
Output Voltage Swing (Cy = 12pF; Ry = 2.2kQ) 
Modulus Setup Time MC to Out 


Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 


Output Current (CL = 12pF; Ry = 2.2kQ) 








Figure 1. Logic Diagram (MC12022A) 


yop Pe 

aa GE cae 
fT Ty | | yt Tt 
Se ee 
Hp TA et 
| PERE 





(+64, 500MHz input Frequency, Vcc = 5.0V, Ta = 25°C, 


Output Loaded) 


- A 
» Out 


MC 


~«— MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 





(+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) 


Figure 3. Typical Output Waveforms 
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MC12022A MC12022B 


Sine Wave Generator 


50Q 











EXTERNAL COMPONETS 

C1 = C2 = 1000pF 

C3= 0.1uF 

Cy = 12pF (Including Scope 
and jig capacitance) 

Re = 2.2kQ 
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Figure 5. Input Signal Amplitude versus Input Frequency 
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1.1GHz Low-Voltage Dual MC12022LVA 
Modulus Prescaler MC12022LVB 


The MC12022LVA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1GHz in programmable MECL PLL COMPONENTS 
frequency steps. 


The MC12022LVB can be used with CMOS synthesizers requiring ; ' 
negative edges to trigger internal counters. +64/65, +128/129 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 DUAL MODULUS 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW PRESCALER 
has been biased to select the desired divide ratio. 





1.1 GHz Toggle Frequency 

Supply Voltage of 2.7 to 5.0V 

@ Low-Power 4.0mA Typical at Voc = 2.7V 
Operating Temperature Range of —40 to +85°C 


® Short Setup Time (tse¢) 16ns Maximum @ 1.1GHz . saree 
® Modulus Control Input Level Is Compatible With Standard CMOS PLASTIC PACKAGE 


and TTL CASE 626-05 


‘GB 


1 


FUNCTIONAL TABLE 


_ D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





Note: SW: H = Vcc, L = Open 
MC: H = 2.0 V to Vcc, L = GND to 0.8 V Pinout: 8—Lead Plastic (Top View) 
DESIGN GUIDE 


[ere Cant 
PinimaiGaeconr dP Pe 
[irra Gate Ponessionbaay | a0 | ps 


* Equivalent to a two—input NAND gate 




















MAXIMUM RATINGS 
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MC12022LVA MC12022LVB 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0V; Ta = —40°C to +85°C) 


Ta ___| Trase FequeneySnewaveinpuy sd sf ts | |e 
( 


ff ) 
| ) 


Vin(min) Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 


Output Current CL = 12pF; Ry = 1.1kQ at 2.7Vdc 
Cy = 12pF; Ry = 2.2kQ at 5.0Vdc 


MC Setup 





MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 1. Logic Diagram (MC12022LVA) Figure 2. Modulus Setup Time 
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aoe Seen 
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seceoeeee 


(+64, 500MHz Input Frequency, Vcc = 5.0V, Ta = 25°C, (+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) Output Loaded) 


Figure 3. Typical Output Waveforms 
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MC12022LVA MC12022LVB 





O Vcc = 2.7 to 5.0Vdc 






Ci = C2 = 1000pF 
C3= 0.1F 


MC Input 


Figure 4. AC Test Circuit 








































































































EXTERNAL COMPONENTS 


Cy = 12pF (Including Scope 
and jig capacitance) 

Ry. = 2.2kQ. (at +5.0Vdc) 

Re = 1.1kQ (at +2.7Vdc) 
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Figure 5. Input Signal Amplitude versus input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 





1.1GHz Low Power Dual 
Nodulus Prescaler 


The MC12022SLA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1GHz in programmable 
frequency steps. This device is a reduced current version of the 
MC12022A/B. 


The MC12022SLB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


1.1 GHz Toggle Frequency 
Supply Voltage of 4.5 to 5.5V 
e Low-Power 4.0mA Typical 


Operating Temperature Range of —40 to +85°C 
e Short Setup Time (tset) 16ns Maximum @ 1.1GHz 


e Modulus Control input Level Is Compatible With Standard CMOS 
and TTL 


FUNCTIONAL TABLE 





Note: SW: H = Voc, L = Open 
MC: H = 2.0 V to Vcc, L = GND to 0.8 V 


DESIGN GUIDE 









Internal Gate Count* 


rg 
| Internal Gate Propagation Delay 
Internal Gate Power Dissipation | 075 | 


* Equivalent to a two—input NAND gate 


MAXIMUM RATINGS 
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Tag | Sees TompartweRange ——SSCSCSCS~C~“C~‘“~wCC 
Dc ___[ Wosive onternpa Bnd 


MOTOROLA 
REV 2 


MC12022SLA 
MC12022SLB 


MECL PLL COMPONENTS 


64/65, +128/129 
DUAL MODULUS 
PRESCALER 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


‘GB 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


Pinout: 8—Lead Plastic (Top View) 
IN NC MC GND 





fc 


MC12022SLA MC12022SLB 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = —40°C to +85°C) 


Se 
Toggle Frequency (Sine Wave Input) ae 
) 











(ie [ wer 
re 
Pics | Sven Curent Ouput unonaea Pnjaiaowae | ee 
isi | Weaos Convarnpurion ach =i 
vit | Moaiva Convotneuttowwcy iY ae 


i Typ 
0.1 1.4 
) oe 
ea oT = 


1.1 
1 


| Output Voltage Swing (C; = 8pF; Ry = 4.4kQ) | 4 | 
Modulus Setup Time MC to Out hoe. 


Vin(min) Input Voltage Sensitivity 250-1100 MHz 100 
100-250 MHz 400 


flo Output Current (CL = 8pF; Ry = 4.4kQ, Vcc = 5.0V) ee sie sai 









‘ Be Out 


MC Setup MC 


~««— MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 





(+64, 500MHz Input Frequency, Vcc = 5.0V, Ta = 25°C, (+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) Output Loaded) 


Figure 3. Typical Output Waveforms 
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MC12022SLA MC12022SLB 





MOTOROLA 
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Figure 4. AC Test Circuit 





O Voc = 4.5 to 5.5Vde 


EXTERNAL COMPONENTS 


Ci = C2 = 1000pF 
C3 = 0.1F 


Cy. = 8pF (Including Scope 


and jig capacitance) 
Ry = 4.4kQ (at +5.0Vdc) 
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Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 128; Voc = 5.0V; Ta = 25°C 
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1.1GHz Low Power Dual 


Modulus Prescaler 
With On-Chip Output Termination 


The MC12022TSA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1GHz in programmable 
frequency steps. This device is a reduced current drain version of the 
MC12022A/B with the addition of on—chip output termination. 


The MC12022TSB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a.64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


1.1 GHz Toggle Frequency 

e Supply Voltage of 4.5 to 5.5V 

e Low-Power 4.0mA Typical 

e Operating Temperature Range of —40 to +85°C 

e Short Setup Time (tset) 16ns Maximum @ 1.1GHz 


e Modulus Control Input Level Is Compatible With Standard CMOS 
and TTL 


e Output Load Resistor on Die 


FUNCTIONAL TABLE 










ee 
a re eee: eee 
Note: SW: H = Vcc, L = Open 

MC: H = 2.0 V to Voc, L = GND to 0.8 V 


DESIGN GUIDE 


on 
TinerelGaeconr dT 
inonel Gat PropapsionDoey | 200 | ps 
[Speed PonerPreaics —__| ox8_ | os 


* Equivalent to a two—input NAND gate 















MAXIMUM RATINGS 
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REV 2 


MC12022TSA 
MC12022TSB 


MECL PLL COMPONENTS 


+64/65, --128/129 
DUAL MODULUS 
PRESCALER 


{ 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


‘& 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





Pinout: 8-Lead Plastic (Top View) 





a 


(A) MOTOROLA 


MC12022TSA MC12022TSB 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = —40°C to +85°C) 


[herein ——SS*dC 

[Teale Frequency Sine Wave) ios 

[Siee Gurent(Pn SSCS 

Pi is conten] | 
—— 

eo 05V | 








vou | Oupatvorage Swing Leah Pt Pw 
= 


Input Voltage Sensitivity 250-1100 MHz 100 
100-250 MHz 400 








” Be Out 


MC Setup MC 





~««—— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 


(+64, 500MHz Input Frequency, Vcc = 5.0V, Ta = 25°C, (+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) Output Loaded) 


Figure 3. Typical Output Waveforms 
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MC12022TSA MC12022TSB 


O Vcc =4.5 to 5.5Vde 






CL EXTERNAL COMPONENTS 

Ci = C2 = 1000pF 

C3= 0.1pF 

Cl = 8pF (Including Scope 
and jig capacitance) 





@ 
MC Input 


Figure 4. AC Test Circuit 
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1.1GHz Low Voltage, Low Power 


Dual Modulus Prescaler 
With On-Chip Output Termination 


The MC12022TVA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s 
MC145XXX. This device is a low voltage version of the MC12022A/B with 
the addition of on-chip output termination. 


The MC12022TVB can be used with CMOS synthesizers requiring 


negative edges to trigger internal counters. 


A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 


The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


e 1.1 GHz Toggle Frequency 

e Supply Voltage of 2.7 to 5.0V 

e Low-Power 4.0mA Typical @ Vcc = 2.7V 

e Short Setup Time (tset) 16ns Maximum @ 1.1GHz 


Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 


Output Load Resistor on Die 


FUNCTIONAL TABLE 





Note: SW: H = Vcc, L = Open 
MC: H=2.0 V to Vcc, L = Gnd to 0.8 V 


MAXIMUM RATINGS 


Power Supply Voltage, Pin 8 —0.5 to + 7.0 
i 


dc 
Cc 
Cc 
dc 










Operating Temperature Range —40 to + 85 cox 
Storage Temperature Range —65 to + 150 oa 
Modulus Control Input, Pin 6 —0.5 to +6.5 
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MC12022TVA 
MC12022TVB 


MECL PLL COMPONENTS 


+64/65, +128/129 
LOW VOLTAGE 
DUAL MODULUS PRESCALER 





1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


& 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





Pinout: 8—Lead Plastic (Top View) 





IN Veco SW OUT 


(MA) MOTOROLA 


REV 1 


MC12022TVA MC12022TVB 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0 Vdc, Ta = -40°C to +85°C) 


Pf | Toggle Frequency (Sine Wave Input) Oi = 3 
| Ico Supply Current (Pin 2 at 2.7 Vdc) ae 
ICCH Supply Current (Pin 2 at 5.0 Vdc) fee, ie ot 
Viet Modulus Control Input High (MC) ie eGo 


Voc + 0.5V 


2 
| 
ViH2 Divide Ratio Control Input High (SW) Voc - 0.5V Voc + 0.5V 
| ViL2 Divide Ratio Control Input Low (SW) | Open | Open | 
Vout(L) Output Voltage Swing @ 2.7V, CL = 8pF ae ae ae 
) ov.CL= 
ae ee (a ae 


Output Voltage Swing @ 5.0V, C, = 8pF Poe 
Modulus Setup Time MC to Out | 


Vin Input Voltage Sensitivity 250-1100 MHz 100 
100-250 MHz 400 


1.4 | 
65 
16 


0.1 
2.0 
1.0 


MC Setup 


~«<— MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 
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(+64, 500MHz Input Frequency, Voc = 5.0V, Ta = 25°C, (+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) Output Loaded) 


Figure 3. Typical Output Waveform 
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Sine Wave Generator 
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MC Input 


MC12022TVA MC12022TVB 


O Vcc =2.7 to +5.0 Vde 


EXTERNAL COMPONENTS 

C1 = C2 = 1000pF 

C3 = 0.1 5pF 

CL = 8pF (Including Scope 
and jig capacitance) 





Figure 4. AC Test Circuit 
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Figure 5. Typical Input Impedance versus Input Frequency 
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225MHz Prescaler 


The MC12023 is a prescaler which will divide by 64. This device may 
be operated over a supply voltage range of 3.2 to 5.5V. 


e 225MHz Toggle Frequency 
e Low-Power 4.8mA Maximum at 5.5V MECL PLL COMPONENTS 
e Operating Supply Voltage of 3.2 to 5.5V | 
e Connecting Pins 2 and 3 Allows Driving One TTL Load +64 


PRESCALER 


Pinout: 8—Lead Plastic (Top View) 


NC Vcc S@nd SIN 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 














[Symbot [ ___Charecisio——_—~_—Pange | Unt 
a 
<a 


PRESCALER BLOCK DIAGRAM 


To Vcc 


Operating Temperature Range °C 
Storage Temperature Range -—65 to +175 °G 


Active 


ELECTRICAL CHARACTERISTICS (Vcc = 3.2 to 5.5V; Ta = 0 to +70°C) 


fmax Toggle Frequency 225 MHz 
fmin (Sine Wave Input) 35 
VOH Output Voltage HIGH 1.2 1.4 V 
(Vcc = 3.2V)2 
VOH Output Voltage HIGH 2.5 
(Voc = 5.0V)2 
VOL Output Voltage LOW1 0.5 V 
(Isink = 2.0mA) 
Vin Input Voltage Sensitivity 
35MHz 
50-225MHz 


1. Pin 2 connected to Pin 3 


2. lsource = SOWA 
3. Voc = 4.5V 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 





520MHz Dual Modulus Prescaler 


The MC12025 is a dual modulus prescaler which divides by 64 and 65. 
Supply voltages of 4.75 to 5.25V may be connected to Pin 8. 


e 520MHz Toggle Frequency 

e Low-Power 9.5mA Typical 

e Control Input Is Compatible With Standard CMOS and TTL 

e Operating Supply Voltage of 5.0V +0.25V 

e Propagation Delay 30ns Typical +64/65 
DUAL MODULUS 

MAXIMUM RATINGS PRESCALER 

[symbot | ___Gharacteric——=«;~—=Range [Unit | 

[vec | Power Sump vonage, Pine | -0st070 | vae_| 

in| Operating Temperature Range | owes | O_ 


ELECTRICAL CHARACTERISTICS (Vcc = 4.75 to 5.25V; Ta = —40 to 


Symbol Characteristic 


fmax Toggle Frequency i 520 
fmin (Sine Wave Input) 
2.0 


MECL PLL COMPONENTS 













P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 














D SUFFIX 
PLASTIC SOIC PACKAGE 8 RR 
CASE 751-05 





Supply Current 
| Control Input HIGH (+64) 





Peo 
in | Gent COW 5) 
i 


Input Voltage Sensitivity 
30MHz 
100-520MHz 


1. tp_L = The period of time the PLL has from the rising output transition to the 
Modulus Control input edge transition to ensure proper modulus selection 
2. tout = Period of output waveform 









Icc 
VIH 
VIH 
Vin 









PRESCALER BLOCK DIAGRAM Pinout: 8—Lead Plastic (Top View) 


Vcc © Pe ee ee Ss a ee Se Voc NC Input Input 


Modulus (4) 


Control O 
Input | 


0.001UE’S) | 
sea © | 
Signal 








Input Output 
ee UF 
pe a ae ee) a es ee aa 
O GND 
1/96 
ne (MA) MOTOROLA 
© Motorola, Inc. 1996 27 REV 2 


MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 





1.1GHz Dual Modulus 
Prescaler 


The MC12026 is a high frequency, low voltage dual modulus prescaler 
used in phase-locked loop (PLL) applications. 

The MC12026A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145xxx 
series in a PLL to provide tuning signals up to 1.1GHz in programmable 
frequency steps. 

The MC12026B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of an 8/9 or 16/17 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


1.1GHz Toggle Frequency 

Supply Voltage 4.5V to 5.5V 

e Low Power 4.0mA Typical 

Operating Temperature Range of —40°C to +85°C 
The MC12026 is Pin Compatible With the MC12022 
Short Setup Time (tset ) 6ns Typical @ 1.1GHz 


Modulus Control Input Level is Compatible With Standard CMOS 
and TTL 


Pinout: 8-Lead Plastic (Top View) 





IN Veo SW OUT 


MAXIMUM RATINGS 
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[Smet [Cato 
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[ic | Mesos ConatipurPné—SSCSCSC*dSC 
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MC12026A 
MC12026B 


MECL PLL COMPONENTS 


+8/9, +16/17 
| DUAL MODULUS PRESCALER 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


& 


| 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


FUNCTION TABLE 





Note: SW: H = Vcc, L = OPEN 
MC: H = 2.0V to Vcc; L = GND to 0.8V 





—0.5 to +7.0 Vdc 
°C | 
°C 
Vde 
mA 


(MA) MOTOROLA 


REV 2 


MC12026A MC12026B 


ELECTRICAL CHARACTERISTICS Woo = 4.5 to 5.5; Ta = —40 to +85°C) 


Divide Ratio Control Input Low (SW) 


Output Voltage Swing 
(RL = 560Q; Ig = 5.5mA)! 
(RL = 1.1kQ; Io = 2.9mA)2 


Input Voltage Sensitivity 
100-—250MHz 
250—1100MHz 


. Divide Ratio of +8/9 at 1.1GHz, CL = 8pF 
5 Divide Ratio of +16/17 at 1.1GHz, Cy = 8pF 
3. Assuming Ri = 5602 at 1.1GHz 





SW 





” “ Out 


MC Setup MC 





-<«—— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 
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MC12026A MC12026B 


O Voc =4.5t05.5V - 








SINE WAVE GENERATOR 
C1 





EXTERNAL COMPONENTS 

C1 = C2 = 1000 pF 

C3 = 0.1pF 

Ci. = 8pF (Including Scope and Jig Capacitance) 


MC INPUT Ri = 560 (for +8/9 at 1.1GHz) 


Figure 3. AC Test Circuit 
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MC12026A MC12026B 





5.88V 


86.6ns 


36.6ns 


880mV 


Figure 6. Typical Output Waveform 
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5.0, Ta = 


(+8, 1.1GHz Input Frequency, Vcc 
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MC12026A MC12026B 
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1.1GHz Dual Modulus 
Prescaler 


The MC12028A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1GHz in programmable 
frequency steps. 


The MC12028B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


1.1 GHz Toggle Frequency 

MC12028A for Positive Edge Triggered Synthesizers 
MC12028B for Negative Edge Triggered Synthesizers 
e 6.5mA Maximum, —40° to +85°C, Vcc = 5.5Vdc 


Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 


e Low—Power 4.0mA Typical 


FUNCTIONAL TABLE 





Note: SW: H = Vcc, L = Open 
MC: H = 2.0 V to Vcc, L = GND to 0.8 V 


DESIGN GUIDE 


ame 
| Internal Gate Count* 6 
2 


7 
Internal Gate Propagation Delay | 200 fps 
Internal Gate Power Dissipation 
Speed Power Product 


* Equivalent to a two—input NAND gate 





MAXIMUM RATINGS 
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| Vcc Power Supply Voltage, Pin 2 Vde 
TA | 
MC | 


MC12028A 
MC12028B 


MECL PLL COMPONENTS 


+32/33, +64/65 
DUAL MODULUS 
PRESCALER 





1 
P SUFFIX 


PLASTIC PACKAGE 
CASE 626-05 


.& 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





Pinout: 8—-Lead Plastic (Top View) 








Operating Temperature Range —40 to + 85 Pe. 
| Tstg Storage Temperature Range | —65 to + 150 
|Mc Modulus Control Input, Pin 6 | 





~0.5 to +6.5 Vdc 
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MC12028A MC12028B 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = —40°C to +85°C) 


[haraciostio | 
Toggle Frequency (Sine Wave Input 
2.0 








it ee 
) ae Ce 
icc | Siry Curent uputncaseattna 4 «dof es | 
Tint | Moaius ortornpurigh wc) Sd ~*d owe | 
Tins | oss Conrrirpuriow easy Sd id 
Tvivig | vie Rato Contornparon S___———_[voo=aav | veo | Voowoav | ver _| 
) <a a 

11 

1.5 


1.1 . 
6.5 
4.0 


Vin Input Voltage Sensitivity 250-1100 MHz 100 
100-250 MHz 400 


era (a ae eae 





VIL2 Divide Ratio Control Input Low (SW | Open Open | Open —_| 





ries. -s I Output Current (CL = 12pF; Ry = 2.2kQ) 





- Bs Out 





MC Setup MC 





MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 


Figure 3. Typical Output Waveform 
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MC12028A MC12028B 


O Voc = 4.5 to 5.5 V 






Sine Wave Generator 


C1 = C2 = 1000pF 

C3 = 0.ipF 

CL = 12pF (Including Scope 
and jig capacitance) 

Ru = 2.2kQ 


1 i: 1 CL EXTERNAL COMPONENTS 


O 
MC Input 


Figure 4. AC Test Circuit 
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MC12028A MC12028B 
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2.0GHz Low Voltage Dual 
Modulus Prescaler 


The MC12031 is a high frequency low voltage dual modulus prescaler 
used in phase-locked loop (PLL) applications. A high frequency input 
signal up to 2.0GHz is provided for cordless and cellular communication 
services such as DECT, PHS, and PCS. The MC12031 can be operated 
down to a minimum supply voltage of 2.7V required for battery operated 
portable systems. 


The MC12031A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola’s MC145XXX series 
in a PLL to provide tuning signal up to 2.0GHz in programmable 
frequency steps. The MC12031B can be used with CMOS synthesizers 
requiring negative edges to trigger internal counters. 


A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 


The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


e 2.0GHz Toggle Frequency 

e Supply Voltage 2.7V to 5.0Vdc 

e Low Power 10.0mA Typical at Voc = 2.7V 

e Operating Temperature Range of —40 to +85°C 

e The MC12031 is Pin and Functionally Compatible With the MC12022 
e Short Setup Time (tset) 8ns Typical at 2.0GHz 


e Modulus Control Input Level ls Compatible With Standard CMOS and 
TTL 


Pinout: 8—Lead Plastic (Top View) 





IN Voq SW OUT 


For positive edge triggered synthesizers, order the MC12031A 
For negative edge triggered synthesizers, order the MC12031B 


MAXIMUM RATINGS 





Parameter 


Vcc Power Supply Voltage, Pin 2 


Operating Temperature Range 
Storage Temperature Range 
Modulus Control Input, Pin 6 
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Flo Maximum Output Current, Pin 4 


MC12031A 


MC12031B 





MECL PLL COMPONENTS 


+64/65, -128/129 
LOW VOLTAGE 
DUAL MODULUS PRESCALER 


1 
P SUFFIX 


PLASTIC PACKAGE 
CASE 626-05 


& 


{ 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


FUNCTION TABLE 


| sw | mc | Divide Ratio 


H 64 

L 65 

H 128 
L L 129 


Note: SW: H = Vcc, L = OPEN 
MC: H = 2.0V to Vcc; L = GND to 0.8V 





frye LE 








ee 


(AA) MOTOROLA 


REV 1 


MC12031A MC12031B 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0V; Ta = —40 to +85°C) 


ee 


Icc Supply Current Output (Pin 2) Voc =2.7V 
Voc = 5.0V | 43.0 16.0 

ise | wea Covopanenwe ~via | 
| Vit | Modulus Control Input LOW (MC) en [| | os | | 
| Vin Divide Ratio Control Input HIGH (SW) | Voc-05V | Voc | Vccrosv | ov | 
Divide Ratio Control input LOW (SW) | OPEN | | 

| Vout | Output Voltage Swing (Note 1) CL = 8pF; Ri = 1.2kQ ee ee ee 
| tset_ __| Modulus Setup Time MC to OUT @ 2000MHz ae | 


| VIN Input Voltage Sensitivity 500-2000MHz | —- 100 


Output Current (Note 2) Vcc =2.7V, CL = 8pF, Ry = 1.2kQ 
Vcc = 5.0V, CL = 8pF, RL = 3.0kQ 


1. Valid over voltage range 2.7 to 5.0V; RL = 1.2kQ @ Voc = 2.7V; RL = 3.0kQ @ Voc = 5.0V 
2. Divide ratio of +64/65 @ 2.0GHz 



















































: a Out 


MC Setup MC 





<«— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 2. Modulus Setup Time 


O Vcc =2.7 to 5.0V 








EXTERNAL COMPONENTS 

C1 = C2 = 1000pF 

C3 = 0.1pF 

C= 8pF (Including Scope 
and jig capacitance) 

Ru = 1.2kQ @ Voc =2.7V 

Ry = 3.0kQ @ Voc =5.0V 





MC input 
Figure 3. AC Test Circuit 
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2.0GHz Dual Modulus 
Prescaler 


The MCi2032A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 2.0GHz in programmable 
frequency steps. 


The MC12032B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


® 2.0 GHz Toggle Frequency 

e Supply Voltage 4.5 to 5.5V 

¢ MC12032A for Positive Edge Triggered Synthesizers 
@ MC12032B for Negative Edge Triggered Synthesizers 
@ 12mA Maximum, —40° to +85°C, Voc = 5.5Vde 


@ Modulus Control Input Level ls Compatible With Standard CMOS and 
TTL 


e Low-Power 8.5mA Typical 


FUNCTIONAL TABLE 


Divide Ratio 





Note: SW: H = Voc, L = Open 
MC: H = 2.0 V to Vcc, L = GND to 0.8 V 


DESIGN GUIDE 
re 


| Internal Gate Propagation Delay 200 
| Internal Gate Power Dissipation 





ee 


Speed Power Product 
* Equivalent to a two—input NAND gate 


MAXIMUM RATINGS 
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[voc | Powersupply votage,Pin2 Last n7.0 | Vd 
[Taig ____| Storage TemperatureRange | e8tont50 | 
[mc | Modulus Controtinput Ping Tm 5t0 65 | vce 


MC12032A 
MC12032E 


MECL PLL COMPONENTS 


64/65, 128/129 
DUAL MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


‘& 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


Pinout: 8—Lead Plastic (Top View) 








MOTOROLA 
REV 1 | 


MC12032A MC12032B 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = —40°C to +85°C) 


[ics | Sepp Garon Oupu Unvases ena) «dtd 
2 
) 

















| Si 5 

vin | Metis Conreliputrign we) «dC 
Vier Modis Conrolinpattowwey «dCi 
Vout | Output Voltage Swing (Cj. = 12pF; Ry = 2.2kQ) : er. 
Pisst_ | NocuusSeuptinemcwot_ Sidi? 
[Viney | Tabet Votage Senstviy S00-2000mmz == tod 
Miia =e Output Current (Cy = 12pF; Ry = 2.2kQ) 





: - Out 


MC Setup MC 





~«—— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 


(+64, 500MHz Input Frequency, Vcc = 5.0V, Ta = 25°C, (+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) Output Loaded) 


Figure 3. Typical Output Waveforms 
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MC12032A MC12032B 






Sine Wave Generator 





OO 
MC Input 


Figure 4. AC Test Circuit 
































O Vcc =4.5 to 5.5Vde 


EXTERNAL COMPONENTS 
C1 =C2 = 1000pF 
C3= 0.1F 


~ Cy = 12pF (Including Scope 


and jig capacitance) 
RE = 2.2kQ 
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2.0GHz Low Voltage Dual 
Modulus Prescaler 


The MC12033 is a high frequency low voltage dual modulus prescaler 
used in phase-locked loop (PLL) applications. A high frequency input 
signal up to 2.0GHz is provided for cordless and cellular communication 
services such as DECT, PHS, and PCS. The MC12033 can be operated 
down to a minimum supply voltage of 2.7V required for battery operated 
portable systems. 

The MC12033A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola’s MC145XXX series 
in a PLL to provide tuning signal up to 2.0GHz in programmable 
frequency steps. The MC12033B can be used with CMOS synthesizers 
requiring negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 
divide ratio as desired. 


The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


e 2.0GHz Toggle Frequency 

e Supply Voltage 2.7V to 5.0Vdc 

e Low Power 10.0mA Typical at Vcc = 2.7V 

e Operating Temperature Range of —40 to +85°C 

e The MC12033 is Pin Compatible With the MC12022 
e Short Setup Time (tset) 8ns Typical at 2.0GHz 


e Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 


Pinout: 8-Lead Plastic (Top View) 





IN Veg SW OUT 


For positive edge triggered synthesizers, order the MC12033A 
For negative edge triggered synthesizers, order the MC12033B 


MAXIMUM RATINGS 


Parameter 
Power Supply Voltage, Pin 2 
Operating Temperature Range 
Storage Temperature Range 


Modulus Control Input, Pin 6 
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MC12033A 


MC12033B 





MECL PLL COMPONENTS 


+32/33, +64/65 
LOW VOLTAGE 


DUAL MODULUS PRESCALER 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


S 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





FUNCTION TABLE 





Note: SW: H = Vcc, L = OPEN 
MC: H = 2.0V to Vcc; L = GND to 0.8V 


[vate nt 


—65 to +150 
—0.5 to +6.5 
Maximum Output Current, Pin 4 


de 
°C 
°C 

dc 
mA 


(M\) MOTOROLA 


REV 1 


MC12033A MC12033B 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.0V; Ta = —40 to +85°C) 


ft 


Typ 
2.4 


loc Supply Current Output (Pin 2) Voc =2.7V 
Vcc = 5.0V 
IN 


Vine | ide Ratio Convorinpt GH Ga) _————~—=*ds a0 
Output Voltage Swing (Note 1) Ci = 8pF; Ry = 600Q | 08 
Modulus Setup Time MC to OUT @ 2000MHz lees. tut 
Input Voltage Sensitivity 500—2000MHz 
ae Output Current (Note 2) Vcc =2.7V, Cy = 8pF, RL = 600Q 

Voc = §.0V, Cy. = 8pF, Ru = 1.5kQ 


1. Valid over voltage range 2.7 to 5.0V; Ry = 6002 @ Vcc = 2.7V; Ry = 1.5kQ @ Voc = 5.0V 
2. Divide ratio of +32/33 @ 2.0GHz 





MC Setup MC 





~¢—— MC Release 


Out 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 2. Modulus Setup Time 


O Vcc =2.7 to 5.0V 





Sine Wave Generator 


5~C 


500 


C1 = C2 = 1000pF 

C3= 0.1uF 

Cy = 8pF (Including Scope 
and jig capacitance) 

RL = 6002 @ Voc =2.7V 

Ry = 1.5kQ @ Voc = 5.0V 


J. fl IN CL EXTERNAL COMPONENTS 


Figure 3. AC Test Circuit 
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2.0GHz Dual Modulus 
Prescaler 


The MC12034A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145xxx 
series in a PLL to provide tuning signals up to 2.0GHz in programmable 
frequency steps. 


The MC12034B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu’s MB87001. 


A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 
divide ratio as desired. 


The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


e 2.0GHz Toggle Frequency 

e Supply Voltage 4.5 to 5.5V 

e MC12034A for Positive Edge Triggered Synthesizers 

e MC12034B for Negative Edge Triggered Synthesizers 

e 12mA Maximum, —40°C to +85°C, Vcc = 5.5Vdc 

e Modulus Control Input is Compatible with Standard CMOS and TTL 
e Low—Power 8.5mA Typical 


*Equivalent to a two—input NAND gate. 





Pinout: 8—Lead Plastic (Top View) 





MAXIMUM RATINGS 
Symbol 









[SSCS avactoratio ——SSSCSC~“~S*~iSSCéR ges iC 


MC12034A 
MC12034B 


MECL PLL COMPONENTS 


+32/33, +64/65 
DUAL MODULUS PRESCALER 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


‘Be 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


FUNCTION TABLE 


Divide Ratio 


32 


Note: SW: H= Vcc, L = OPEN 
MC: H = 2.0V to Vcc, L = GND to 0.8V 









This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, precautions must be taken 
to avoid applications of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation, Vjn and Voyt should 


be constrained to the range GND < (Vjn or Vout) $ VCC. 
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(MA) MOTOROLA 
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MC12034A MC12034B 















ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5 Vde, Ta = —40°C to +85°C) 
Ta | Toggle Frequency Sine Wave) ———SS~C~S Ci 
Modulus Control Input Low (MC) | [ 208. - 4 

Divide Ratio Control InputHigh (SW) SSs=« Vp -08V | Voc Veo +0.5V | Vdc 
Divide Ratio Control Input Low (SW) | 
Noi oI Output Voltage Swing (CL = 12 pF, Rp = 1.1 kQ ; 
Modulus Setup Time MC to Out a fo 
[Vin Input Voltage Sensitivity 500-2000 MHz | ; 



























PROP. DELAY 








IN 
OUT 
MC 
MC SETUP 
MC RELEASE 
Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 
Figure 1. Modulus Setup Time 
Figure 2. Typical Output Waveform 
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MC12034A MC12034B 


O Vcc = 4.5 Vdc to 5.5 Vde 







C3 


SINE WAVE GENERATOR 
C1 





auras 


50 Q 


EXTERNAL COMPONENTS 

Ci =C2 = 1000 pF 

C3 = 0.1 uF 

Cy = 12 pF (INCLUDING SCOPE 
AND JIG CAPACITANCE) 

Ry = 1.1 kQ 


u 


MC INPUT 


Figure 3. AC Test Circuit 
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1.1GHz Dual Modulus Prescaler A 
With Stand-By Mode spans 


The MC12036 is a 1.1GHz +64/65, +128/129 dual modulus prescaler 
used in phase-locked loop (PLL) applications. Stand—By mode is 
featured to reduce current drain to 0.5mA typical when the standby pin 
(SB) is switched LOW, disabling the prescaler. On-chip output 
termination provides sufficient output current to drive a 12pF (typical) high 
impedance load. 

The MC12036A can be used with CMOS synthesizers requiring +64/65, +128/129 
positive edges to trigger internal counters such as Motorola’s MC145xxx DUAL MODULUS PRESCALER 


series in a PLL to provide tuning signals up to 1.1GHz in programmable = 
frequency steps. The MC12036B can be used with CMOS synthesizers WITH STAND-BY MODE 


requiring negative edges to trigger internal counters. 

A Divide Ratio Control! (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 





MECL PLL COMPONENTS 





1.1GHz Toggle Frequency 
e Low Power 4.0mA Typical 
e Stand-—By Mode P SUFFIX 

e On-Chip Output Termination ee ere 
e Supply Voltage 4.5V to 5.5V 

e Operating Temperature Range of —40°C to +85°C 
e Short Setup Time (tset ) 16ns Maximum @ 1.1GHz 


e Modulus Control Input Level is Compatible With Standard CMOS and BS 
TI : 


1 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





8—Lead Plastic 
(Top View) 


FUNCTION TABLE 


P Value [Unit 
| | ey | ec 
Internal Gate Propagation Delay | | 200 | ps | 


67 
200 
Internal Gate Power Dissipation | 0.75 | 


Speed Power Product 


*Equivalent to a two—input NAND gate. 





Note: SW: H = Vcc, L = OPEN 
MC: H = 2.0V to Vcc, L = GND to 0.8V 





MAXIMUM RATINGS 


cc 
TA 

65 to +150 

p -05to+x85 | Vo 
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| Unit 
Vdc 

a 
| Vde_ 





MC12036A MC12036B 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5 Vdc, Ta = —40°C to +85°C) 


| | 
Tice | SurpiyGurent (Pinay ———SSSSCSCS~SCS Sdn 


Divide Ratio Control Input High (SW) 


ViIL2 Divide Ratio Control Input Low (SW) 
Output Voltage Swing, Cy = 8pF 
Moduius Setup Time MC to Out 


Vin Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 


ISB Standby Current 





Prop. Delay 







MC Setup 


MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 





Figure 1. Modulus Setup Time 


cst! \ coc 
ee eee 
za lo a 


Sy 


Se SL 


(+64, 500MHz Input Frequency, Vcc = 5.0V, Ta = 25°C, (+128, 1.1GHz Input Frequency, Vcc = 5.0V, Ta = 25°C, 
Output Loaded) Output Loaded) 





Figure 2. Typical Output Waveform 
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MC12036A MC12036B 


O Voc =4.5105.5V 






















C3 
Sine Wave Generator 
YO Standby Input 
50.0 
C 
9 EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1F 
Cy = 8pF (Including Scope 
MC Input and jig capacitance) 
Figure 3. AC Test Circuit 
200 
150 
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Figure 4. Typical Input Impedance versus Input Frequency 
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1.1GHz Low Power Dual : 
Modulus Prescaler MC12038A 


The MC12038A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1GHz in programmable MECL PLL COMPONENTS 
frequency steps. | 

A Divide Ratio Control (SW) permits selection of a 127/128 or 255/256 
divide ratio as desired. +127/128, +255/256 

The Modulus Control (MC) selects the proper divide number after SW DUAL MODULUS 
has been biased to select the desired divide ratio. 


PRESCALER 


e 1.1 GHz Toggle Frequency 

e Supply Voltage of 4.5 to 5.5V 

e Low-Power 4.8mA Typical 

e Operating Temperature Range of —40 to +85°C 

e Short Setup Time (tset) 16ns Maximum @ 1.1GHz 


e Modulus Control Input Level Is Compatible With Standard CMOS 
and TTL 1 


e On-Chip Output Termination P SUFFIX 
PLASTIC PACKAGE 


CASE 626-05 


‘& 


1 


FUNCTIONAL TABLE 










OT 


Note: SW: H = Vcc, L = Open 
MC: H = 2.0 V to Voc, L= GND to 0.8 V 


DESIGN GUIDE 


a 
[ee 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





Pinout: 8—Lead Plastic (Top View) 












Internal Gate Propagation Delay 
Internal Gate Power Dissipation 0.75 


* Equivalent to a two—input NAND gate 





MAXIMUM RATINGS 


Power Supply Voltage, Pin 2 —0.5 to + 7.0 
Operating Temperature Range | —40 to + 85 
MC i 










Storage Temperature Range -65 to + 150 
|Mc Modulus Control Input, Pin 6 -0.5 to +6.5 
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MC12038A 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = -40°C to +85°C) 


Toggle Frequency (Sine Wave Input) | 













Supply Current Output Unloaded (Pin 2) at 5.0Vdc re 
VIH4 Modulus Control Input High (MC) 


ViLt 





Input Voltage Sensitivity 250-1100 MHz . 
100-250 MHz 


Open 






Le 
ce ce 
eee a 


100 
400 


a 
. ( i 
Modulus Control Input Low (MC) | 
( 
in( 





MC Setup MC 





««—— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 1. Logic Diagram (MC12038A) Figure 2. Modulus Setup Time 





(+128, 1.1GHz Input Frequency, Voc = 5.0V, Ta = 25°C, 
Output Loaded) 


Figure 3. Typical Output Waveforms 
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Sine Wave Generator 
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50, 
L EXTERNAL COMPONENTS 
: i: C1 = C2 = 1000pF 
= C3= 0.1NF 
Ci = 8pF (Including Scope 
and jig capacitance) 
+15.0 +1250 
+10.0 +710 
+5.0 +400 
0 +225 
-5.0 +125 
= -10.0 +71.0 
S 
tu 15.0 +40.0 
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— 
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-35.0 +4.0 
40.0 +2.25 
-45.0 +1.25 
-50.0 +0.71 
0 750 1500 
FREQUENCY (Hz) 
Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 128; Vcc = 5.0V; Ta = 25°C 
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O Vcc = 4.5 to 5.5Vde 
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Figure 6. Output Amplitude versus Input Frequency 
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Figure 7. Typical input Impedance versus Input Frequency 
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1.1GHz Super Low Power 
Dual Modulus Prescaler 


The MC12052A is a super low power dual modulus prescaler used in 
phase-locked loop applications. Motorola’s advanced Bipolar MOSAIC™ 
V technology is utilized to achieve low power dissipation of 2.7mW at a 
minimum supply voltage of 2.7V. 


The MC12052A can be used with CMOS synthesizers requiring MECL PLL COMPONENTS 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 1.1GHz in programmable +64/65, -128/129 
frequency steps. LOW POWER 


A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 DUAL MODULUS PRESCALER 
divide ratio as desired. 


The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


1.1GHz Toggle Frequency 
The MC 12052 is Pin ana Functionally Compatible with the MC12022 Le D SUFFIX 

8 PLASTIC SOIC PACKAGE 
Low Power 1.0mA Typical ~ CASE 751-05 
2.0mA Maximum, —40°C to +85°C, Voc = 2.7-5.5 Vde 
Short Setup Time (tset) 16ns Maximum @ 1.1GHz 


Modulus Control Input Level is Compatible with Standard CMOS and 
Tb 


Maximum Input Voltage Should Be Limited to 6.5Vdc 


1 


; SD SUFFIX 
Za PLASTIC SSOP PACKAGE 
CASE 940-02 


Pinout: 8—Lead Plastic (Top View) 





FUNCTIONAL TABLE 


Divide Ratio 





IN Veq SW OUT 





Note: SW: H = Vcc, L = Open 
MC: H = 2.0V to Voc, L = GND to 0.8V 


MAXIMUM RATINGS 


Symbol Characteristic | = Range 
Tstg | Storage Temperature Range _ °C 
MC | Modulus Control Input, Pin 6 Vde 


MOSAIC V is a trademark of Motorola 
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MC12052A 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5 VDC, Ta = —40°C to +85°C) 


Toggle Frequency (Sine Wave Input) 
Supply Current (Pin 2) 
Modulus Control Input High (MC) 
A 
) 


Modulus Control Input Low (MC) 
Divide Ratio Control Input High (SW) 
Divide Ratio Control Input Low (SW) 


Output Voltage Swing 2 
(C= 8pF, Ry = 3.3kQ 
Modulus Setup Time MC to Out 
@ 1100MHz 


Input Voltage Sensitivity 250-—1100MHz 
100-—250MHz 


Output Current 1 
Voc = 2.7V, CL = 8pF, Ry = 3.3kQ 
Voc = 5.0V, Cy = 8pF, Ry. = 7.2kQ 
1. Divide ratio of +64/65 @ 1.1GHz 
2. Valid over voltage range 2.7—-5.5V; Ry = 3.3kQ @ Voc = 2.7V; RL = 7.2kQ @ Voc = 5.0V 





, " Out 


MC Setup MC 





MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 





O Voc =2.7 to 5.5V 





Sine Wave Generator 


I-C 
502 


CL EXTERNAL COMPONENTS 

C1 = C2 = 1000pF 

C3 = 0.1NF 

Cy = 8pF (Including Scope 
and jig capacitance) 

Ri = 3.3kQ. @ Voc =2.7V 

Ru = 7.2kQ. @ Voc = 5.0V 





MC Input 


Figure 3. AC Test Circuit 
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MC12052A 
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Figure 4. Typical input Impedance versus [Input Frequency 
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1.1GHz Super Low Power 
Dual Modulus Prescaler With 
Stand-By Mode 


The MC12053A is a super low power +64/65, +128/129 dual modulus 
prescaler. Motorola’s advanced Bipolar MOSAIC™ V technology is 
utilized to achieve low power dissipation of 4.3mW at a minimum supply 
voltage of 2.7V. 

The Divide Ratio Control input, SW, permits selection of divide ratio as 
desired. A HIGH on SW selects +64/65; an OPEN on SW selects 
+128/129. The Modulus Control input, MC, selects the proper divide 
number after SW has been biased to select the desired divide ratio. 

Stand-by mode is featured to reduce current drain to 50uA typical at 
2.7V when the stand—by pin, SB, is switched LOW, disabling the 
prescaler. On-chip output termination provides 500yA (typical) output 
current, which is sufficient to drive a CMOS synthesizer input high 
impedance load (8pF typical). 


1.1GHz Toggle Frequency 

Supply Voltage of 2.7 to 5.5V 

e Low Power 1.5mA Typical at Vcc = 2.7V 

Operating Temperature Range of —40°C to +85°C 

On—Chip Output Termination 

The MC12053A Is Pin and Functionally Compatible With the MC12036 


Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 


Pinout: 8—Lead Plastic (Top View) 
IN $B MC GND 





IN Voc SW OUT 









MOSAIC V is a trademark of Motorola 
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MC12053A 


MECL PLL COMPONENTS 


+64/65, +128/129 
LOW POWER 
DUAL MODULUS PRESCALER 
WITH STAND-BY MODE 


@ 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-03 


yg 


SD SUFFIX 
PLASTIC SSOP PACKAGE 
CASE 940-02 





FUNCTIONAL TABLE 





Note: SW: H = Vcc — 0.5 to Voc, L = Open 
MC & SB: H = 2.0 V to Vcc, L = Gnd to 0.8 V 





| Unit 
he Wee. | 
pee 


(M\) MOTOROLA 


REV 2 


MC12053A 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7V to 5.5V; Ta = —40°C to +85°C) 


Toggle Frequency (Sine Wave Input) 
Supply Current Output (Pin 2) 


Stand—By Current 


Noi Conor a Sane-By mputLOW WORSE) 


Vin Input Voltage Sensitivity 250—1100MHz 
100—250MHz 


MC Setup 


~«— MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 2. Modulus Setup Time 


O Vcc =2.7 to 5.5V 






Sine Wave Generator 


S~G 





50Q 
J CL EXTERNAL COMPONENTS 
‘ C1 = C2 = 1000pF 
= C3= 0.1pF 
CL. = 8pF (Including Scope 
and jig capacitance) 
MC Input a 
Figure 3. AC Test Circuit 
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MC12053A 
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Figure 4, Input Signal Amplitude versus Input Frequency 
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Figure 5. Output Amplitude versus Input Frequency 
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Figure 6. Typical Input impedance versus Input Frequency 
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2.0GHz Super Low Power 
Dual Modulus Prescaler 


The MC12054A is a super low power dual modulus prescaler used in 
phase-locked loop applications. Motorola’s advanced Bipolar MOSAIC™ 
V technology is utilized to achieve low power dissipation of 5.4mW at a 
minimum supply voltage of 2.7V. 

The MC12054A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola’s MC145XXX 
series in a PLL to provide tuning signals up to 2.0GHz in programmable 
frequency steps. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 


The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 


2.0GHz Toggle Frequency 

The MC 12054 is Pin and Functionally Compatible with the MC12031 
e Low Power 2.0mA Typical 

2.6mA Maximum, —40°C to +85°C, Voc = 2.7-5.5Vde 

Short Setup Time (tset) 10ns Maximum @ 2.0GHz 


Modulus Control Input Level is Compatible with Standard CMOS and 
TTL 


Maximum Input Voltage Should Be Limited to 6.5Vdc. 


Pinout: 8-Lead Plastic (Top View) 
IN NC MC GND 





IN Voq SW OUT 


MAXIMUM RATINGS 









MOSAIC V is a trademark of Motorola 
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Storage Temperature Range —65 to +150 
|Mc Modulus Control Input, Pin 6 —0.5 to +6.5 | vpc 


MC12054A 


MECL PLL COMPONENTS 


+64/65, +128/129 
LOW POWER 
DUAL MODULUS PRESCALER 


D SUFFIX 
8 & PLASTIC SOIC PACKAGE 
CASE 751-05 


8 
SD SUFFIX 
ge PLASTIC SSOP PACKAGE 
CASE 940-02 





FUNCTIONAL TABLE 


Divide Ratio | 
a ae 


Note: SW: H = Vcc, L = Open 
MC: H = 2.0V to Vcc, L = GND to 0.8V 


Power Supply Voltage, Pin 2 —0.5 to +7.0 | 
Operating Temperature Range —40 to +85 
MC 


VDC 
°C 
°C 

VDC 


REV 1 


(MA) MOTOROLA 


MC12054A 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5 VDC, Ty =—40°C to +85°C) 
| Symbol Characteristic Typ 


Supply Current (Pin 2) 


| 20 | He 
[26 | ma 
Vind Modulus Control Input Low (MC) a ee a 


GHz 
mA 
VIH1 Modulus Control Input High (MC) Voc + 0.5V 
V 
VDC 


( 
Vino Divide Ratio Control Input High (SW) Voc - 0.5V Voc Voc +05V | VDC | 
ViL2 Divide Ratio Control Input Low (SW) 


Output Voltage Swing 2 (Ci. = 8pF, Ri. = 1.65kQ) 


Modulus Setup Time MC to Out @ 2000MHz 


Vin Input Voltage Sensitivity 250-2000MHz 
100—250MHz 


Output Current 1 
Voc = 2.7V, OL = 8pF, Ry. = 1.65kQ 
| Voc = 5.0V, CL = 8pF, Ry = 3.6kQ 
1. Divide ratio of +64/65 @ 2.0GHz 
2. Valid over voltage range 2.7-5.5V; Ry = 1.65kQ @ Voc = 2.7V; Ry_ = 3.6kQ @ Voc = 5.0V 





Prop. Delay ——> <— 


: "4 Out 


MC Setup MC 





~««— NMC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 





Figure 2. Modulus Setup Time 


© Vee=2.7 to 5.5V 






Sine Wave Generator 


502 


EXTERNAL COMPONENTS 

C1 = C2 = 1000pF 

C3= 0.1uF 

CL = 8pF (Including Scope 
and jig capacitance) 

RL = 1.65kQ @ Voc =2.7V 


MC Input RL =3.6kQ @ Voc = 5.0V 


Figure 3. AC Test Circuit 
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1.1GHz Low Power Dual 
Modulus Prescaler MC12058 


The MC12058 is a low power +126/128, +254/256 dual modulus 
prescaler. Motorola’s advanced Bipolar MOSAIC™ V technology is 
utilized to achieve low power dissipation of 3.0mW at a minimum supply 
voltage of 2.7V. The MC12058 can be operated down to a minimum 
supply voltage of 2.7V required for battery operated portable systems. 


On-chip output termination provides 250uA (typical) output current to +126/128, +254/256 
drive a 8pF (typical) high impedance load. The Divide Ratio Control input, LOW POWER 
SW, permits selection of divide ratio as desired. A HIGH on SW selects DUAL MODULUS PRESCALER 
+126/128; an OPEN on SW selects +254/256. The Modulus Control input, 
MC, selects the proper divide number after SW has been biased to select 
the desired divide ratio. 


MECL PLL COMPONENTS 


@ 


e 1.1GHz Toggle Frequency y 
Supply Voltage 2.7V to 5.5V D SUFFIX 

i = PLASTIC SOIC PACKAGE 
e Low net 1.1mA Typical at Vcc = 3.0V CASE his 
Operating Temperature Range of —40°C to +85°C 
On-Chip Output Termination 


y 4 


SD SUFFIX 
Pinout: 8—Lead Plastic (Top View) PLASTIC SSOP PACKAGE 
CASE 940-02 





FUNCTIONAL TABLE 





IN Voq SW OUT 
Note: SW: H = Vcc, L = Open 


MC: H = 2.0 V to Vcc, L= Gnd to 0.8 V 


MAXIMUM RATINGS 











| Unit 
Modulus Control input, Pin 6 


MOSAIC V is a trademarks of Motorola. 
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MC 12058 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7V to 5.5V; Ta = —40°C to +85°C) 


ca Toggle Frequency (Sine Wave !nput) a ae 
lico Supply Current Output (Pin 2) on 









Vind Modulus Control Input HIGH (MC) aes Voo+05} Vv | 
ViL4 Modulus Control Input LOW (MC) exp {| 

Vio Divide Ratio Control Input HIGH ew Voc - 0.5 | Veo | 

Pout ¥ 


Output Voltage Swing? ns 
Modulus Setup Time MC to OUT at 1100MHz 


Input Voltage Sensitivity 250-1100MHz a 
100-—250MHz 400 


1. Assumes 8pF high impedance load. 



















Out 





Figure 1. Logic Diagram (MC12058) 
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MC12058 


MC Setup MC 


MC Release 





Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 


Figure 2. Modulus Setup Time 


O Voc = 2.7 to 5.5V 





Sine Wave Generator 


CL EXTERNAL COMPONENTS 

Ci = C2 = 1000pF 

C3 = 0.1uF 

Cy. = 8pF (Including Scope 
and jig capacitance) 





MC Input t. 


Figure 3. AC Test Circuit 
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MC12058 
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Figure 4. Input Signal Amplitude versus Input Frequency 
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Figure 5. Output Amplitude versus Input Frequency 
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MC12058 
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Figure 6. Typical Input Impedance versus Input Frequency 
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1.1GHz Prescaler 


The MC12073 is a divide by 64 prescaler. Typical frequency synthesis 
applications include elctronically tuned TV/CATV and communication 
systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential inputs MECL PLL COMPONENTS 
and provides gain for the input signal. Differential PECL outputs are 
provided. 

+64 
1.1GHz Toggle Frequency PRESCALER 
e Operating Supply Voltage of 4.5 to 5.5V 


e Low-Power 23mA Typical at Vcc = 5.0V 
High Input Sensitivity, 20MVrms at VCC = 5.0 + 10%, Ta = 0°C to +70°C 
800mV Minimum Peak—to—Peak Output Swing 


Differential PECL Outputs P SUFFIX 
PLASTIC PACKAGE 


CASE 626-05 


MAXIMUM RATINGS 


z ceo 













D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


ae =i Operating Temperature Range 0 to +70 
Storage Temperature Range —65 to +175 





ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = 0 to +70°C) 


[ent | 
fmin (Sine Wave Input) MHz 


| Min | Typt | Max _| 
Pe fe 
a ee 
(Load =10pF) 
10 20 
30 
200 [#00 


Input Voltage Sensitivity 
| mVrms | 


Pinout: 8—Lead Plastic (Top View) 
















Vin min 






150—1100MHz 
9O0MHz 


Input Overload 


* Typical meausred at +25°C, 5.0V 
1. See Figure 1 
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MC12073 


PRESCALER BLOCK DIAGRAM 


| 
| 
| Output 
O 7 
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Figure 1. Divide Ratio = 64 
(Maximum Toggle Frequency: Min = 1348, Mean = 1348, Max = 1348 
Temp = 25°C, Vcc = 5.0V, Number of Devices = 1, Icc (mA) = 22.51) 
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1.1GHz Prescaler 


The MC12074 is a divide by 256 prescaler. Typical frequency 
synthesis applications include elctronically tuned TV/CATV and 
communication systems as well as instrumentation. 


An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential PECL outputs are 
provided. 


e 1.1GHz Toggle Frequency 

e Operating Supply Voltage of 4.5 to 5.5V 

e Low-Power 23mA Typical at Vcc = 5.0V 

e High Input Sensitivity, 20mMVrms at VCC = 5.0 + 10%, Ta = 0°C to +70°C 
e 800mV Minimum Peak—to—Peak Output Swing 

e Differential PECL Outputs 


MAXIMUM RATINGS 


Symbol Characteristic 
| Voc | Power Supply Voltage 
TA 











ae Operating Temperature Range 0 to +70 tee 
Storage Temperature Range —65 to +175 


Symbol Characteristic 


fray! Toggle Frequency 1.1 
fmin (Sine Wave Input) 
| 


Supply Current at 5.5V 


Vout Output Voltage 
(Load =10pF) 


Input Voltage Sensitivity 
150-1100MHz 





* Typical meausred at +25°C, 5.0V 
1. See Figure 1 
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MC12074 


MECL PLL COMPONENTS 


+256 
PRESCALER 





P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX 
PLASTIC SOIC PACKAGE 8&4 
CASE 751-04 





Pinout: 8—Lead Plastic (Top View) 





MOTOROLA 
REV 1 


MC12074 


AMPLITUDE (dBm) 


MOTOROLA 


INPUT 


OUTPUT 


PRESCALER BLOCK DIAGRAM 
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Figure 1. Divide Ratio = 256 
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(Maximum Toggle Frequency: Min = 1357, Mean = 1357, Max = 1357 
Temp = 25°C, Vcc = 5.0V, Number of Devices = 1) 
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1.3GHz Prescaler 


The MC12075 is a divide by 64 prescaler. Typical frequency synthesis 
applications include eictronically tuned TV/CATV and communication 
systems as well as instrumentation. 


An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential PECL outputs are 
provided. 


The MC12075 is pin and functionally compatible with the Plessey 
SP4633. 


© 1.3GHz Toggle Frequency 

e Operating Supply Voltage of 4.5 to 5.5V 

e Low—Power 36mA Typical at Vcc = 5.0V 

e Operating Temperature Range of 0°C to +85°C 
®@ High Input Sensitivity 

e 800mV Minimum Peak—to—Peak Output Swing 
e Differential PECL Outputs 


DESIGN GUIDE 


Criteria 


| Internal Gate Count* | 2 


| Internal Gate Propagation Delay 
| Internal Gate Power Dissipation } 10 | mw 


* Equivaient to a two—input NAND gate 





MAXIMUM RATINGS 


0 to +85 i. a] 
Peon [oo] 


| Toggle Frequency 


| (Sine Wave Input) 


Input Voltage 7OMHz | 
| Sensitivity 150-1100MHz 


1.2GHz | 
1.3GHz | 


Vin max | Input 
| | Overload 
* Typical meausred at +25°C, 5.0V 


1. See Figure 1 
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MC1i12075 


MECL PLL COMPONENTS 


+64 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX g 
PLASTIC SOIC PACKAGE 8 Saggee 
CASE 751-05 





Pinout: 8-Lead Plastic (Top View) 


Output 
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PRESCALER BLOCK DIAGRAM 
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Figure 1. Typical MC12075 Input Signal Amplitude versus Input Frequency 
MOTOROLA 76 HIPERCOMM 


BR1334 — REV 3 


MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 


1.3GHz Prescaler 


The MC1i2076 is a divide by 256 prescaler. Typical frequency 
synthesis applications include elctronically tuned TV/CATV and 
communication systems as well as instrumentation. 


An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential PECL outputs are 
provided. 


e 1.3GHz Toggle Frequency 

e Operating Supply Voltage of 4.5 to 5.5V 

e Low-Power 36mA Typical at Vcc = 5.0V 

e Operating Temperature Range of 0°C to +85°C 
e High Input Sensitivity 

e 800mV Minimum Peak-to—Peak Output Swing 
e Differential PECL Outputs 


DESIGN GUIDE 


[vat | 
| Internal Gate Propagation Delay | 250 sf ps 
10 














Internal Gate Power Dissipation a ee 


* Equivalent to a two—input NAND gate 


MAXIMUM RATINGS 


[__Cheraersio———_—~«t—snge | nt | 


fmax Toggle Frequency 1.3 
fmin (Sine Wave Input) 
Supply Current at 5.5V 
Vout Output Voltage 
(Load =10pF 


Vin min Input Voltage 70MHz 
Sensitivity 150-1100MHz 


1.2GHz 
1.3GHz 





Vin max Input 70—1 300MHz 
Overload 


* Typical meausred at +25°C, 5.0V 
1. See Figure 1 
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MECL PLL COMPONENTS 


+256 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


Pinout: 8—Lead Plastic (Top View) 


Output 
Voc es 


fe] {7} [6 | 





(M) MOTOROLA 


MC12076 


INPUT 


PRESCALER BLOCK DIAGRAM 


Voc O 
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Figure 1. MC12076 Input Signal Amplitude versus Input Frequency 
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1.3GHz Prescaler 


The MC12078 is a divide by 256 prescaler. Typical frequency 
synthesis applications include elctronically tuned TV/CATV and 
communication systems as well as instrumentation. 


An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential PECL outputs are 
provided. 


MECL PLL COMPONENTS 


e 1.3GHz Toggle Frequency +256 

¢ Operating Supply Voltage of 4.5 to 5.5V PRESCALER 
e Low-Power 28mA Typical at Vcc = 5.0V 

e Operating Temperature Range of 0°C to +85°C 
e High Input Sensitivity 

e 800mV Minimum Peak—-to—Peak Output Swing 


e Differential PECL Outputs P SUFFIX 


PLASTIC PACKAGE 
CASE 626-05 


DESIGN GUIDE 
















D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


Internal Gate Power Dissipation 
Speed Power Product 


* Equivalent to a two—input NAND gate 





Pinout: 8—Lead Plastic (Top View) 
MAXIMUM RATINGS 


[symbot [___Charerisie ‘Range Unt 
[voc | Power Sippy voiace =f 70* Vee 
<a 





Vc 
8 | 





A Operating Temperature Range 
Storage Temperature Range —65 to +175 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = 0 to +85°C) 








faa Toggle Frequency GHz Input 
fmin (Sine Wave Input) MHz 
hicc Supply Current at 5.5V ce 
Vout Output Voltage 
(Load =10pF) 
Vin min Input Voltage 9OMHz mMVrms 
Sensitivity 150-1100MHz ; 
Vin max Input 90—500MHz 400 MVrms 
Overload 500-—1300MHz 400 
* Typical meausred at +25°C, 5.0V 
1. See Figure 1 
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MC12078 


PRESCALER BLOCK DIAGRAM 
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Figure 1. MC12078 Input Signal Amplitude versus Input Frequency 
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2.8GHz Prescaler 


The MC12079 is a single modulus divide by 64, 128, 256 prescaler for 
low power frequency division of a 2.8GHz (typical) high frequency input 
signal. Divide ratio control inputs SW1 and SW2 select the required divide 
ratio of +64, +128, or +256. 


An external load resistor is required to terminate the output. A 1.2kQ MECL PLL COMPONENTS 


resistor is recommended to achieve a 1.6Vpp output swing, when dividing 
a 1.1GHz input signa! by the minimum divide ratio of 64, assuming a 12pF 
load. Output current can be minimized dependent on conditions such as +6§4/128/256 
output frequency, capacitive load being driven, and output voltage swing PRESCALER 
required. Typical values for load resistors are included in the Vout 
specification for various divide ratios at 2.8GHz input frequency. 


MC12079 





2.8GHz Toggle Frequency 
Supply Voltage 4.5V to 5.5V 
Low Power 9mA Typical at VCc = 5.0V 











P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 





Operating Temperature Range of —40°C to +85°C 


IN NC SW2 GND 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





§-Lead Plastic 


(Top View) 





IN Voo SW1 OUT 










Power Supply Voltage, Pin 2 —0.5 to +7.0 [voc | 
fa Operating Temperature Range —40 to +85 pay 








Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta = —40 to +85°C) 


| Parameter | min [| te 
Toggle Frequency = Wave) | 02 | 34 | 
[ee Set 

vee. | 





Maximum Output Current, Pin 4 





= Input Voltage Sones 250—500MHz 400 
500-—2800MHz 100 


VIH Divide Ratio Control Input High (SW) Voc - 0.5 


Divide Ratio Control Input Low (SW) 


Output Voltage Swing (CL = 12pF; Al = 1.2kQ; Io = 2.7mA)! | 0 
| (CL = 12pF; Ry = 2.2kQ; Io = 1.5mA)4 
| (Cy. = 12pF; Ry. = 3.9kQ; Io = 0.85mA)$ 


1. Divide ratio of +64 at 2.8GHz. 
2. Divide ratio of +128 at 2.8GHz. 
3. Divide ratio of +256 at 2.8GHz. 
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MC12079 


D QB ie iE et 
ag Be CQ C 


In 


Figure 1. Logic Diagram (MC12079) 






Note: SW1 & SW2: H = Vcc; L = Open 





Figure 2. AC Test Circuit 


e Ratio 
64 


128 
128 
256 


O Voc =4.5 to 5.5V 


EXTERNAL COMPONENTS 

Ci = C2 = 1000 pF 

C3 = 0.1uF 

Ci. = 12pF (Including Scope and Jig Capacitance) 
Ri = 1.2kQ (for +64 at 2.8GHz) 
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Figure 3. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 64; Vcc = 5.0V; Ta = 25°C 
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Figure 4. Output Amplitude versus Input Frequency 

















MC12079 


MILLIVOLTS 
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1.1GHz Prescaler 


MC12080 


The MC12080 is a single modulus divide by 10, 20, 40, 80 prescaler for 
low power frequency division of a 1.1GHz high frequency input signal. 
Divide ratio control inputs SW1, SW2 and SW3 select the required divide 
ratio of +10, +20, +40, or +80. 

An external load resistor is required to terminate the output. A 820Q : 
resistor is recommended to achieve a 1.2Vpp output swing, when dividing MECL PLL COMPONENTS 
a 1.1GHz input signal by the minimum divide by ratio of 10, assuming a 
8pF load. Output current can be minimized dependent on conditions such ; 
as output frequency, capacitive load being driven, and output voltage +10/20/40/80 
swing required. Typical values for load resistors are included in the Vout PRESCALER 
specification for various divide ratios at 1.1GHz input frequency. 





1.1GHz Toggle Frequency 


e Supply Voltage 4.5V to 5.5V P SUFFIX 
e Low Power 3.7mA Typical at Vcc = 5.0V PLASTIC PACKAGE 
e Operating Temperature Range of —40°C to +85°C CASE 626-05 


IN SW3 SW2 GND 






D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





8-Lead Plastic 
(Top View) 





IN Veg SWi OUT 


MAXIMUM RATINGS 


[Woo | PowerSupsyvotegs Pn?@_—SSSCSC~“~*‘“*~*~*~*~*~‘dSCSC*SC“‘*‘~“‘WT~CSC*dSCO 
Storage Temperature Range 
blo Maximum Output Current, Pin 4 

















ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Ta =—40 to +85°C) 









Supply Current Output (Pin 2) fF 50 | mA 


i ae 
aa 
Vin Input Voltage Sensitivity 100-250MHz 400 1000 mVpp 
250—1100MHz 100 1000 
eee 
RE = 3.3kQ, Io = 1.1MA for +40 


VDC 
°C 
°C 
mA 
Typ 
1.4 134 GHz 
3.7 5.0 mA 
Divide Ratio Control Input High (SW1, SW2, SW3) Voc - 0.5V Voc Voc + 0.5V 
Vout 1.2 Vpp 
Ry. = 6.2kQ, Io = 0.57mA for +80 
1. Assumes 8pF load and 1.1GHz input frequency (typical), Io at Voc = 5.0V and Ta = 25°C 


(M) MOTOROLA 


Output Voltage Swing? 








Ri. = 8202, Io = 4.0mA for +10 
RL = 1.6kQ, 19 = 2.1mA for +20 
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MC12080 





FUNCTION TABLE 


[Swi [swe [sw] ide Ratio 





Lei tr fae 





NOTE: For SWi, SW2 and SW3: H = Voc; L = Open 


in 
In 












Swi 

SW3 

SWw2 

Figure 1. Logic Diagram (MC12080) 
O Voc = 4.5 to 5.5V 
SINE WAVE GENERATOR 
C1 
50 Q 
= EXTERNAL COMPONENTS 
C1 =C2= 1000 pF 
C3 = 0.1NF 
C,_ = 8pF (Including Scope and Jig Capacitance) 
Ri = 820 for +10 at 1.1GHZ 
Figure 2. AC Test Circuit 
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Figure 3. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 10; Vcc = 5.0V; Ta = 25°C 
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Figure 4. Output Amplitude versus input Frequency 
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1.1GHz Prescaler With 
Stand-By Mode 


The MC12083 is a +2 prescaler for low power frequency division of a 
1.1GHz high frequency input signal. On-chip output termination provides 
output current to drive a 2pF (typical) high impedance load. If additional 
drive is required for the prescaler output, an external resistor can be MECL PLL COMPONENTS 
added parallel from the OUT Pin to GND to increase the output power. 
Care musi be taken noi to exceed the maximum allowable current 
through the output. +2 


Stand-By mode is featured to reduce current drain to 250u/A typical PRESCALER 
when the stand-by pin SB is switched LOW disabling the prescaler. WITH STAND-BY MODE 





e 1.1GHz Toggle Frequency 
e Supply Voltage 2.7V to 5.5V 
e Low Power 4.5mA Typical at Vcc = 2.7V 
e Operating Temperature —40 to +85°C 
e On-Chip Termination 
1 
P SUFFIX 


PLASTIC PACKAGE 
CASE 626-05 


& 


j 


Pinout: 8-Lead Plastic (Top View) 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 





IN Veg NC OUT 
A LOW on the Stand-By Pin 7 disables the device. 


MAXIMUM RATINGS 


a OO 











Storage Temperature Range -~65 to +150 
Maximum Output Current, Pin 4 





2 (AA) MOTOROLA 
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MC12083 


ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5V; Ta = —40 to +85°C) 


| Toggle Frequency (Sine Wave) _ 


Supply Current Output (Pin 2) 


Standby Current 


Standby Input HIGH (SB) 


| Standby Input LOW (SB) 


Output Voltage Swing (Note 1) 2pF Load @ 500MHz Input 
2pF Load @ 750MHz Input 
2pF Load @ 1100MHz Input 


Input Voltage Sensitivity 100—250MHz 
250—400MHz | 
400-1100MHz 


1. Assume 2pF load, Vcc = 2.7V, Vin =minimum specification for each frequency band, Ta = 85°C 


O Vcc =2.7 to 5.5V 






Sine Wave Generator 


2pF EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1nF 





Figure 1. AC Test Circuit 
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Figure 2. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 2; Vcc = 2.7V; Ta = 25°C; Output Loaded With 2pF 
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Figure 3. 12083 Output Peak-to-Peak at 2pF Load 
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2.8GHz Prescaler 


The MC12089 is a single modulus divide by 64 and 128 prescaler for 
low power frequency division of a 2.8GHz high frequency input signal. 
The low power (10.2mA typical at 5.0V) and high operating frequency 
features make this prescaler ideal in satellite TV receiver applications. 


MC12089 


Divide ratio control input SW selects the required divide ratio of +64 or MECL PLL COMPONENTS 
+128. 

On-chip output termination provides 2.5mA of output current to drive a 
12pF (typical) high impedance load. The output voltage swing under +64/128 
typical supply voltage and temperature conditions is 1.2V. If additional PRESCALER 


drive is required for the prescaler output, an external resistor can be 
added in parallel from the OUT pin to GND to increase the output power. 
Care must be taken not to exceed the maximum allowable current 
through the output. 





2.8GHz Toggle Frequency 
e Supply Voltage 4.5V to 5.5V 
e Low Power Dissipation 51mW Typical 


e Operating Temperature Range of —40°C to +85°C P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


@ 


1 


1 


Pinout: 8-Lead Plastic (Top View) 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


















Storage Temperature Range —65 to +150 S 
Maximum Ouiput Current, Pin 7 m 


[Parameter ——SSC*dSC 


Vin Input Voltage Sensitivity 250-500MHz 
: 500-2800MHz 


Divide Ratio Control Input High (SW 
VIL Divide Ratio Control Input Low (SW) 
Vout Output Voltage Swing! 





1 Assumes C;_ = 12pF 





ae (AA) MOTOROLA 
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MC12089 





Figure 1. Logic Diagram (MC12089) 


FUNCTION TABLE 


Divide Ratio 


is 






Note: H = Voc; L= Open 


O Voc = 4.5 to 5.5V 






SINE WAVE GENERATOR 
Ct 





EXTERNAL COMPONENTS 

Ses eee ee C1 = C2 = 1000 pF 

C3 = 0.1uF 

Cy_ = 12pF (Including Scope and Jig Capacitance) 


Figure 2. AC Test Circuit 
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Figure 3. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 64; Vcc = 5.0V; Ta = 25°C 
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Not Recommended for New Designs 
Consider MC 12083 or MC10EL32 


UHF Prescaler 


The MC12090 is a high-speed D master-slave flip-flop capable of 
toggle rates of over 700MHz. It was designed primarily for high-speed 
prescaling applications in communications and instrumentation. This MECL PLL COMPONENTS 
device employs two data inputs, two clock inputs as well as 


complementary Q and Q outputs. There are no SET or RESET inputs. 
? " i HIGH-SPEED 


Pinout: 16-Lead Plastic (Top View) PRESCALER 





Voc2 NC NC NC D2 Di NC C2 





3 P SUFFIX 
Veer @ @ NC NC NC Ci Veg PLASTIC PACKAGE 
CASE 648-08 


LOGIC DIAGRAM 
7C1 ‘ TRUTH TABLE 


9C2 ——», 


11D1——> 
12 D2 ——>. 


L SUFFIX 


CERAMIC PACKAGE 
Voci = Pin 1 CASE 620-10 
Voce2 = Pin 16 
VEE = Pin 8 





ELECTRICAL CHARACTERISTICS 






ES so Power Supply Current 


a = 
Pins 11,12 435 280 280 
Pine | rmncurentow——S—~—~—sC—~Ss—~—t wm 
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MC12090 


ELECTRICAL CHARACTERISTICS 


Symbol | Characteristic | Min | Max | 
a ee 


Propagation Delay (Clock to Output Pins 7,9,12) 


Setup Time tsetup H 
tsetup L 


fRsoTime Ci 
Fall Time 





on 

th Hold Time thold H 
thoid L 

aa 






a ee OE (eee ee ee, 
ee ee ee Oe ee ee 
\§ WM YW. 


GUARANTEED OPERATING Pb eeess Vy Hy YY YY 


Tl 


— aaa 
a eee 
a ie aa 

ean ae a! Lo 

a ee Lo 

a ae — bee 
FREQUENCY (MHz) 

Figure 1. Guaranteed Range of Operation 
(Temp = 75°C, 5 Devices, Voc = 2.0V, VEE = -3.2V, VBjas = 0.710V) 
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ae eae ee ee ee ee ee 
a Se SE a ee 
_ WwW Y YYYICQH@— TI. Yl. 


GUARANTEED OPERATING ENVELOPE Yoo} YYZ. ~~ 









- = st : 


OUTPUT 


FREQUENCY (MHz) 


Figure 2. Guaranteed Range of Operation 
(Temp = 25°C, 5 Devices, Vcc = 2.0V, VEE = —-3.2V, VBijas = 0.710V) 
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+2, +4, +8 1.1GHz Low Power 
Prescaier with Stand-By Mode 


The MC12093 is a single modulus prescaler for low power frequency 
division of a 1.1GHz high frequency input signal. Motorola’s advanced 


MOSAIC™ V technology is utilized to acheive low power dissipation of. 


6.75mW at a minimum supply voltage of 2.7V. 


On-chip output termination provides output current to drive a 2pF 
(typical) high impedance load. If additional drive is required for the 
prescaler output, an external resistor can be added parallel from the OUT 
pin to GND to increase the output power. Care must be taken not to 
exceed the maximum allowable current through the output. 


Divide ratio control inputs SW1 and SW2 select the required divide 
ratio of +2, +4, or +8. 

Stand-By mode is featured to reduce current drain to 50,/A typical 
when the standby pin SB is switched LOW disabling the prescaler. 


1.1GHz Toggle Frequency 

Supply Voltage 2.7V to 5.5VDC 

Low Power 3.0mA Typical 

Operating Temperature —40°C to +85°C 

Divide by 2, 4 or 8 Selected by SW1 and SW2 Pins 
On-Chip Termination 


8-Lead Plastic 
(Top View) 





IN. Vocq SW2 OUT 
A LOW on the Stand-By Pin 7 disables the device. 


AC TEST CIRCUIT 


O Voc = 2.7 to 5.5V 











C1 


50Q 
EXTERNAL 
ie COMPONENTS 
C1 = C2 = 1000pF 
= [ec C3=0.1pF 


C4 = 2pF Load 
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MC12093 


MECL PLL COMPONENTS 


+2, +4, +8 
LOW POWER PRESCALER 
WITH STAND-BY MODE 


D SUFFIX 
8 & PLASTIC SOIC PACKAGE 
CASE 751-05 


eZ SD SUFFIX 
i} PLASTIC SSOP PACKAGE 
CASE 940-02 


FUNCTION TABLE 


| swi_| swe | divideRatio | 





L 

bt i 

: 4 
2 


Note: SW1 & SW2:H = (V¢C-0.5V) to Voc; 
L = OPEN 
SB: H = 2.0V to Vcc; L = GND to 0.8V 


FUNCTION CHART 


(AA) MOTOROLA 


REV 1 


MC12093 


MAXIMUM RATINGS 


a 
iq | Operating Tonpeueanges ——S=SCSC~“‘“*S*‘“‘“‘“rtCSCSCO ww C*dC 












ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Ta = —40 to +85°C) 


Parameter 


( 
( 





0.1 
[spp Cwen——SSSSCSC*dCSCi ts 
[Sandsyouren Sd | 
=o 


| Divide Ratio Control Input LOW (SW1 & SW2) OPEN OPEN 


Output Voltage Swing (2pF Load) 
Output Frequency 12.5-350MHz! 
Output Frequency 350—-400MHz2 
Output Frequency 400—450MHz3 
Output Frequency 450-550MHz4 


. Input frequency 1.1GHz, +8, minimum output frequency of 12.5MHz. 
Input frequency 700-800MHz, --2. 

Input frequency 800-900MHz, +2. 

Input frequency 900—1100MHz, +2. 


RONo 
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2.5GHz Low Power Prescaler 
With Stand-By Mode 


The MC12095 is a single modulus prescaler for low power frequency 
division of a 2.5GHz high frequency input signal. Motorola’s advanced 
MOSAIC™ V technology is utilized to acheive low power dissipation of 
24mW at a minimum supply voltage of 2.7V. 


On-chip output termination provides output current to drive a 2pF 
(typical) high impedance load. If additional drive is required for the 
prescaler output, an external resistor can be added in parallel from the 
OUT pin to GND to increase the output power. Care must be taken not to 
exceed the maximum allowable current through the output. 

Divide ratio control input (SW) selects the required divide ratio of +2 or 
+4, Stand-By mode is available to reduce current drain to 100A typical 
when the standby pin SB is switched LOW disabling the prescaler. 


2.5GHz Toggle Frequency 

Supply Voltage 2.7V to 5.5VDC 

Low Power 8.7mA Typical 

Operating Temperature —40°C to +85°C 
Divide by 2 or 4 Selected by the SW Pin 


NOTE: For applications up to 1.1GHz, please consult the MC12083 or 
MC12093 datasheets. 


FUNCTIONAL TABLE 


Divide Ratio 





Note: SW: H = (Vcc — 0.4V) to Voc; L = OPEN 
SB: H = 2.0V to Vcc; L = GND to 0.8V 


AC TEST CIRCUIT 


O Vcc=27to5.5V 










EXTERNAL 
COMPONENTS 
C1 = C2 = 1000pF 
C3 =0.1pF 

C4 = 2pF 


MOSAIC V is a trademark of Motorola. 
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MECL PLL COMPONENTS 


+2, +4 LOW POWER 
PRESCALER WITH 
STAND-BY MODE 


‘& 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-05 


yd 


SD SUFFIX 
PLASTIC SSOP PACKAGE 
CASE 940-02 


Pinout: 8—Lead Plastic SOIC (Top View) 


IN SB  SW_ GND 


8] |7| fe} [5 


Lt} Lz} 13} [4 


IN Veg NC OUT 


(MM) MOTOROLA 


MC12095 


MAXIMUM RATINGS 


i 












Storage Temperature Range —65 to +150 
Maximum Output Current, Pin 4 a ee 










a 
| Tea Feary Sra wave) 
Des | spe cure 
se | Sind-ty Gore 
Stand-By Input LOW (SB) 


ViH2 Divide Ratio Control Input HIGH (SW) Voc — 0.4 Voc + 0.5V 


Divide Ratio Control Input LOW (SW) OPEN opeN | 


VOUT Output Voltage Swing (2pF Load) 500-—1000MHz Input 800 mVpp 
400 450 
200 250 


1000-1500MHz Input 





Hex [unt 
ee i ae 



















1500—2500MHz Input 





Input Voltage Sensitivity 








Input Power Level (dBm) 
| 
ye) 
oO 











0 900 1100 1300 1500 1700 1900 2100 2300 2500 


500 70 


Input Frequency (MHz) 


Figure 1. Typical Minimum Input Sensitivity versus Input Frequency 
(Divide By 2 Mode, T = 25°C, Vcc = 2.7V) 





HIPERCOMM 99 MOTOROLA 
BR1334 — REV 3 


MC12095 


MOTOROLA 


Output Amplitude (mVpp) 


Output Amplitude (mVpp) 


— — 40°C 


oo +25°C. 
1400 i we = = 485°C 


—h 
NO 
Oo 
Oo 





400 
200 
0 
500 750 1000 1250 1500 1750 2000 2250 2500 
Input Frequency (MHz) 


Figure 2. Typical Output Amplitude versus Frequency over Temperature 
(Divide By 2 Mode, Vcc = 2.7V) 





500 750 1000 1250 1500 1750 2000 2250 2500 
‘Input Frequency (MHz) 


Figure 3. Typical Output Amplitude versus Frequency over Temperature 
(Divide By 4 Mode, Vcc = 2.7V) 
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MC12095 


; Pt tt ft | tt 
; ef ft tb tt 



































100 
6 75 | 
oc 
“TrRET INE 
; SN Ped 
500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 
Input Frequency (MHz) 
Figure 4. Input Impedance versus Frequency 
100 
50 
0 
7) 
E 60 
>< 
—100 
—150 
-—200 
500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 
Input Frequency (MHz) 
Figure 5. Input Impedance versus Frequency 
HIPERCOMM 101 MOTOROLA 


BR1334 — REV 3 





MOTOROLA 102 HIPERCOMM 
BR1334 — REV 3 


VCM/VCOs 


HIPERCOMM 103 MOTOROLA 
BR1334 — REV 3 


MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 


Voitage Controlled Oscillator | 
Consider MC12148 for New Designs MC1648 

The MC 1648 requires an external parallel tank circuit consisting of the 
inductor (L) and capacitor (C). For Maximum Performance Q_: > 100 at 


Frequency of Operation. 

A varactor diode may be incorporated into the tank circuit to provide a 
voltage variable input for the oscillator (VCO). The MC1648 was 
designed for use in the Motorola Phase—Locked Loop shown in Figure 9. VOLTAGE 
This device may also be used in many other applications requiring a fixed CONTROLLED 
or variable frequency clock source of high spectral purity. (See Figure 2) 

The MC1648 may be operated from a +5.0Vdc supply or a —5.2Vdc OSCILLATOR 
supply, depending upon system requirements. 

NOTE: The MC1648 is NOT useable as a crystal oscillator. 





Pinout: 14—Lead Package (Top View) L SUFFIX 
CERAMIC PACKAGE 


Voc NC TANK NC BIAS NC Vee CASE 632-08 


P SUFFIX 


PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 
PLASTIC SOIC PACKAGE 
~ CASE 751-05 


Supply Voltage 
+5.0Vdc 


FN SUFFIX 
PLCC PACKAGE 
CASE 775-02 





“NOTE — All unused pins are not connected. 


LOGIC DIAGRAM 


@ Input Capacitance = 6.0pF (TYP) 
®@ Maximum Series Resistance for L (External Inductance) = 50Q (TYP) 








BIAS POINT 10 
TANK 12 @ Power Dissipation = 150mW (TYP)/Pkg (+5.0Vde Supply) 
@ Maximum Output Frequency = 225MHz (TYP) 
Voc1 = Pin 1 
Voce2 = Pin 14 
Veg = Pin7 
11/94 
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MC1648 


Voce Voc 





O) e 
7 10 12 8 5 
VEE BIAS TANK Vee AGC 
POINT 


Figure 1. Circuit Schematic 


TEST VOLTAGE/CURRENT a rT 
ee ee 


MC1648 










@ Test 
Temperature 


—30°C 
+25°C 
+85°C 





Note: SOIC “D” package guaranteed —30°C to +70°C only 


ELECTRICAL CHARACTERISTICS (Supply Voltage = +5.0V) 


Symbol Characteristic rae Ppa Pf a Condition 


CSUR Ec 
pe fn [| a [vp [os [vt | conn 
[ienp | Poakio-PoarTarkvorove | - | - | - | - [ooo] - | -|- | - | mv | SeoFaues 
ais 
a 
















Output Duty Cycle 
Oscillation Frequency 


1. This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point. 
2. Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature. 
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MC1648 


L: Micro Metal torroid #T20-22, 8 turns #30 Enameled Copper wire. L=40nH 
C =3.0~35pF C=10pF 
+5.0Vdc 






SIGNAL 





UNDER 
TEST 
B.W. = 10 kHz 
Center Frequency = 100 MHz 0.1pF 
Scan Width = 50 kHz/div is 


Vertical Scale = 10 dB/div = 


* The 1200 ohm resistor and the scope termination impedance constitute a 25:1 
attenuator probe. Coax shall be CT-075-50 or equivalent. 


Figure 2. Spectral Purity of Signal Output for 200MHz Testing 


TEST VOLTAGE/CURRENT VALUES 









@ Test (Volts) | mAdc 
Temperature 
° Vitmin 


MC1648 





Note: SOIC “D” package guaranteed —30°C to +70°C only 


ELECTRICAL CHARACTERISTICS (Supply Voltage = —5.2V) 


4 

Pf fain ve [moe [oan [vm [mex] win [vp [Nox [unit | conation 
[ven _[Peatco-PeakTarkvotase | - | - | - | - [om] - | - | - | - | mv |Seohowes 

[vac [oupwouvoe | -]-]|-|-]*]-|-|-|— a 
ina [OsalatonFreuensy | - [22s | - [ooo [os | - | - [aos | — 


1. This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point. 
2. Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature. 
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at 


1200 





Tr 0.1uF 


= Qi 2 100 


MC1648 


* Use high impedance probe (>1.0 Megohm must be used). 


** The 1200 ohm resistor and the scope termination impedance constitute 
a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent. 


*** Bypass only that supply opposite ground. 






PRF = 1.0MHz 
Duty Cycle (Vdc) - 


Figure 3. Test Circuit and Waveforms 


OPERATING CHARACTERISTICS 


Figure 1 illustrates the circuit schematic for the MC1648. 
The oscillator incorporates positive feedback by coupling the 
base of transistor Q6 to the collector of Q7. An automatic gain 
control (AGC) is incorporated to limit the current through the 
emitter—coupled pair of transistors (Q7 and Q6) and allow 
optimum frequency response of the oscillator. 


In order to maintain the high Q of the oscillator, and 
provide high spectral purity at the output, transistor Q4 is 
used to translate the oscillator signal to the output differential 
pair Q2 and Q3. Q2 and Q3, in conjunction with output 
transistor Q1, provides a highly buffered output which 
produces a square wave. Transistors Q9 and Q11 provide 
the bias drive for the oscillator and output buffer. Figure 2 
indicates the high spectral purity of the oscillator output 
(pin 3). 

When operating the oscillator in the voltage controlled 
mode (Figure 4), it should be noted that the cathode of the 
varactor diode (D) should be biased at least “2” VBF above 


100 












5s ee as aes en re ew le ——n one a ie me et 
ie CCR ER ec CA ed (a I es es SS OS OE HO 
top) aa) EE 
= NVC 5 VC ee 
cc Ee BEG ai ee ie ae oe = oo 
mm ee a ea 
ee a ee ee 
=. ee eck 
eee oe oe 

SRR” lp SRG ASRS, SME eat ca CGS Sl aan CSAs pl NN Se GRID FC a 
> <TC CREATE EATERS MELD SOS CORES NRG ORE WET) TOCEPEERNED RCE SAE] IES EN SER, (ed GPa HS 
Se ase oa aoe as ido ee eo ee del Ba 
i teams coal pees ie Ga a Oe 
es oe ae ini GE 
cc 0 
a Ls 


10 
f, OPERATING FREQUENCY (MHz) 


100 


20kHz above MC1648 Frequency ~~. 300 mV 


Product 20kHz BW=1.0kHz Frequency 
Detector Meter HP5210A or Equiv 


(HP5210A output voltage) (Full Scale Frequency) 


MC 1648 nuceaton 10mV 
Under Test mae MC1648 
Frequency (f) 


Frequency Deviation = 


VEE (=1.4V for positive supply operation). 


When the MC1648 is used with a constant dc voltage to 
the varactor diode, the output frequency will vary slightly 
because of internal noise. This variation is plotted versus 
operating frequency in Figure 5. 





Q, 2 100 


Figure 4. The MC1648 Operating in the 
Voltage Controlled Mode 


Oscillator Tank Components 
(Circuit of Figure 4) 


MV2115 
MV2115 
MV2106 


Signal Generator 
HP608 or Equiv 












Voltmeter RMS 
HP3400A or Equiv 


1.0Volt 


Figure 5. Noise Deviation Test Circuit and Waveform 


HIPERCOMM 
BR1334 — REV 3 





107 MOTOROLA 


MC1648 


fout, OUTPUT FREQUENCY (MHz) fout, OUTPUT FREQUENCY (MHz) 


fout, OUTPUT FREQUENCY (MHz) 





Vin, INPUT VOLTAGE (VOLTS) 


es 

iS ee es 
ie, 
Ses 2 ae a 
Sa ae 9 Te 
See 
ie eae 
Fe 


2 4 6 8 10 
Vin, INPUT VOLTAGE (VOLTS) 


Vin, INPUT VOLTAGE (VOLTS) 
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Figure 6 | 


Figure 7 





Figure 8 
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L: Micro Metal Toroidal Core #T44~10, 
4 turns of No. 22 copper wire. 


Vin 


L=0.13yH 






MV1401 


5.0uF as * 0.1pF 


Voc1 = Voce = +5.0Vde 
VEE1 = VEE2 = GND 


ab 


* The 1200 ohm resistor and the scope termination impedance consti- 
tute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent. 
NOT used in normal operation. 

** Input resistor and cap are for test only. They are NOT necessary for 
normal operation. 


L: Micro Metal Toroidal Core #T44-10, 
20 turns of No. 22 copper wire. 


Vin 


Qi > 100 
C = 500pF 





MV1401 12 5 


ak 


5.0uF 
: T Veci = Voce = +5.0Vde 
= VEE1 = VEE2 = GND = 
* The 1200 ohm resistor and the scope termination impedance consti- 
tute a 25:1 attenuator probe. Coax shall be CT-070--50 or equivalent. 
NOT used in normal operation. 


** Input resistor and cap are for test only. They are NOT necessary for 
normal operation. 


L: Micro Metal Toroidal Core #T30-12, 
6 turns of No. 22 copper wire. 







Qi = 100 
L = 0.065uH 


Voc1 = Voce = +5.0Vde 
VEE1 = VEE2 = GND 


* The 1200 ohm resistor and the scope termination impedance consti- 
tute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent. 
NOT used in normal operation. 


** Input resistor and cap are for test only. They are NOT necessary for 
normal operation. 





HIPERCOMM | 
BR1334 — REV 3 


Typical transfer characteristics for the oscillator in the 
voltage controlled mode are shown in Figure 6, Figure 7 and 
Figure 8. Figure 6 and Figure 8 show transfer characteristics 
employing only the capacitance of the varactor diode (plus 
the input capacitance of the oscillator, 6.0pF typical). 
Figure 7 illustrates the oscillator operating in a voltage 
controlled mode with the output frequency range limited. This 
is achieved by adding a capacitor in parallel with the tank 
circuit as shown. The 1.0kQ resistor in Figure 6 and Figure 7 
is used to protect the varactor diode during testing. It is not 
necessary as long as the dc input voltage does not cause the 
diode to become forward biased. The larger—valued resistor 
(51kQ) in Figure 8 is required to provide isolation for the 
high-impedance junctions of the two varactor diodes. 

The tuning range of the oscillator in the voltage controlled 
mode may be calculated as: 





min Cp(min) + Cg 
where f min : 


7 2x L(Cp(max) + Cs) 


CS = shunt capacitance (input plus external capacitance) 
CD = varactor capacitance as a function of bias voltage 


Good RF and low-frequency bypassing is necessary on 
the power supply pins. (See Figure 2) 


MC1648 


Capacitors (C1 and C2 of Figure 4) should be used to 
bypass the AGC point and the VCO input (varactor diode), 
guaranteeing only dc levels at these points. 


For output frequency operation between 1.0MHz and 
50MHz a 0.1uF capacitor is sufficient for C1 and C2. At 
higher frequencies, smaller values of capacitance should be 
used; at lower frequencies, larger values of capacitance. At 
high frequencies the value of bypass capacitors depends 
directly upon the physical layout of the system. All bypassing 
should be as close to the package pins as possible to 
minimize unwanted lead inductance. 


The peak—to—peak swing of the tank circuit is set internaliy 
by the AGC circuitry. Since voltage swing of the tank circuit 
provides the drive for the output buffer, the AGC potential 
directly affects the output waveform. If it is desired to have a 
sine wave at the output of the MC1648, a series resistor is 
tied from the AGC point to the most negative power potential 
(ground if +5.0 volt supply is used, —5.2 volts if a negative 
supply is used) as shown in Figure 10. 


At frequencies above 100 MHz typ, it may be desirable to 
increase the tank circuit peak—to—peak voltage in order to 
shape the signal at the output of the MC1648. This is 
accomplished by tying a series resistor (1.0k92 minimum) 
from the AGC to the most positive power potential (+5.0 volts 
if a +5.0 volt supply is used, ground if a —5.2 volt supply is 
used). Figure 11 illustrates this principle. 


APPLICATIONS INFORMATION 


The phase locked loop shown in Figure 9 illustrates the 
use of the MC1648 as a voltage controlled oscillator. The 
figure illustrates a frequency synthesizer useful in tuners for 
FM broadcast, general aviation, maritime and landmobile 
communications, amateur and CB receivers. The system 
operates from a single +5.0Vdc supply, and requires no 
internal translations, since all components are compatible. 


Frequency generation of this type offers the advantages of 
single crystal operation, simple channel selection, and 
elimination of special circuitry to prevent harmonic lockup. 
Additional features include dc digital switching (preferable 
over RF switching with a multiple crystal system), and a 
broad range of tuning (up to 150MHz, the range being set by 
the varactor diode). 


The output frequency of the synthesizer loop is 
determined by the reference frequency and the number 
programmed at the programmable counter; fout = Nfref. The 
channel spacing is equal to frequency (fref). 


For additional information on applications and designs for 
phase locked-—loops and digital frequency synthesizers, see 
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Motorola Brochure BR504/D, Electronic Tuning Address 
Systems, (ETAS). 


Figure 10 shows the MC1648 in the variable frequency 
mode operating from a +5.0Vdc supply. To obtain a sine wave 
at the output, a resistor is added from the AGC circuit (pin 5) 
to VEE. 


Figure 11 shows the MC1648 in the variable frequency 
mode operating froma +5.0Vdc supply. To extend the useful 
range of the device (maintain a square wave output above 
175Mhz), a resistor is added to the AGC circuit at pin 5 (1.0 
kohm minimum). 


Figure 12 shows the MC1648 operating from +5.0Vdc and 
+9.0Vdc power supplies. This permits a higher voltage swing 
and higher output power than is possible from the MECL 
output (pin 3). Plots of output power versus total collector 
load resistance at pin 1 are given in Figure 13 and Figure 14 
for 100MHz and 10MHz operation. The total collector load 
includes R in parallel with Rp of L1 and C1 at resonance. The 
optimum value for R at 100MHz is approximately 850 ohms. 


MOTOROLA 


MC1648 
























Phase Voltage Controlled 







Low Pass 






fref ——> Detector Filter Oscillator fout 
MC4044 MC1648 ioeNhuwtiels 
N= No eP+A 


Modulus Enable Line 
Counter Control 
Logic MC12012 


MC12014 





+P, +(P+1) 








Zero Detect Line 
fout +Np +A 
Programmable Programmable 
Counter MC4016 Counter MC4016 
Counter Reset Line 
N= Np eP+A 


Figure 9. Typical Frequency Synthesizer Application 


+5.0Vde +5.0Vde 







O Output 
1.0k min 





| 


Figure 10. Method of Obtaining a Sine—Wave Output Figure 11. Method of Extending the Useful Range 
of the MC1648 (Square Wave Output) 
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MC1648 


Output 





1.0uF 
T Wu 


*Q, = 100 


+5.0V 


Figure 12. Circuit Used for Collector Output Operation 





14 












12 





CLAN 
g of Ce 
2 LLU LTT da g AN 
10 
LAM LAI é Be 
a | \ = i 
omy ‘ E 8 a ‘ 
: AMEN TAN LLL EAT TTT N TT 
oO oO 
ELLUM \ Ea We \ 
BLUNT ENT 
Lu uu 
= | A N Ss 4 \ 
LEE UVAL TT TTT ETN) EEE ETE TTT 
val ) Nel! 9 
PLY LAE) LEH LTE CELLU LEE HIE ET ELT 
0 0 
10 100 1000 10,000 10 100 1000 10,000 
TOTAL COLLECTOR LOAD (OHMS) TOTAL COLLECTOR LOAD (OHMS) 
See test circuit, Figure 12, f = 100MHz See test circuit, Figure 12, f = 10MHz 
C3 = 3.0-35pF C3 = 470pF 
Collector Tank Collector Tank 
L1 =0.22uH Ci = 1.0-7.0pF L1 = 2.7pH C1 = 24-200pF 
R = 50Q-10kQ R = 500-10kQ 
Rp of L1 and C1 = 11kQ @ 100MHz Resonance Rp of L1 and C1 =6.8kQ @ 10MHz Resonance 
Oscillator Tank Oscillator Tank 
L2 = 4 turns #20 AWG 3/16” ID L2 = 2.7nH 
C2 = 1.0-7.0pF C2 = 16—150pF 
Figure 13. Power Output versus Collector Load Figure 14. Power Output versus Collector Load 
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Voitage Controlled 
Multivibrator 


The MC1658 is a voltage—controlled multivibrator which provides 
appropriate level shifting to produce an output compatible with MECL III 
and MECL 10,000 logic levels. Frequency control is accomplished 
through the use of voltage—variable current sources which control the 


slew rate of a single external capacitor. 


The bias filter may be used to help eliminate ripple on the output 
voltage levels at high frequencies and the input filter may be used to 


decouple noise from the analog input signal. 


Pinout: 16—Lead Package (Top View) 


NC NC CxX2 INF BIAS CXi NC 









Bias Filter © 


Input Filter O 


Voc = Pin 1 
Voce = Pins 
Veg =Pin 8 
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MC1658 


VOLTAGE 


CONTROLLED 
MULTIVIBRATOR 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620-10 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751B-—05 


FN SUFFIX 
PLCC PACKAGE 
CASE 775-02 


(A) MOTOROLA 


MC1658 












Q4 6Q 
Vox 2 0 
O 12 Bias Filter 
CX111 0 O 14CX2 
Input Filter 13 © 
8 
VEE 
Figure 1. Circuit Schematic 
TEST VOLTAGE VALUES 
@ Test Vdc +1% 
Temperature 
-30°C 
+25°C 
+85°C 
Note: SOIC “D” package guaranteed —30°C to +70°C only 
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ELECTRICAL CHARACTERISTICS (VEE = —5.2V, Vcc = OV [GND] ) 


Ga as Supply Drain Current it Vin to Vox Limit Applies for 
1or2 


[se [= [= [ove [onsevert 
Output bles i “Q” HIGH ee ee es V3 to Vex. Limits Apply for 1 


| 30°C | 485°C Condition 
Symbol Characteristic a | Max (See Figure 2) 
eae 


a 
Rise Time (10% to 90%) 2.7 2.7 V to Vox, CX14 from Pin 
ieee a8 aS Ea ee ns | Via to Vox 

Oscillator Frequency rao | =p sa ve8 | 178 | 110 MHz 


On a Bad a 
Pin 11 to Pin 14 
[ra3 | TuringRatovest | - | - Lar fas | - | - | - | — [ox iompniiorinis 


1 Germanium diode (0.4 drop) forward biased from 11 to 14 (11—bt- 14). 
2 Germanium diode (0.4 drop) forward biased from 14 to 11 (11-+4~ 14). 
Output frequency at Vcx = GND 



































3 TR= 
Output frequency at Vex = — 2.0V 


4 CX1 = 5.0pF connected from pin 11 to pin 14. 
5 CX2 = 10pF connected from pin 11 to pin 14. 








Bias Filter 
Channel “A” 
Input 2 

Input Filter 


Coaxial Cables 
(Equal lengths, typ 2 places) 


V, 
uh To Scope 





CX 
Channel “B” 50 ohm termination to ground located in each scope channel input. 


Input 2 All input and output cables to the scope are equal lengths of 50 ohm 
coaxial cable. Wire length should be < 1/4 inch from TPjp to input pin 
and TPoyt to output pin. 


Note: All power supply and logic levels are shown shifted 2.0V positive. 


Figure 2. AC Test Circuit and Waveforms 
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1000 Soe coee Sones eee Set oe an os OFS Sees See Goes oes See ONC SS SS ee Se oe oe oe os Sa Ss vs Se oe H 10,000 








mimes. 1000 
ie a 


35 MHz @ 5p 
10 ke 










100 









a roy po oH 
ea ole Patina DC CONTROL INPUT = 4 Vde 
a PE rH 
oN 





1 sasiii Nox = -1 van 2 Seriner 
Sees serie tt Sus 


FREE He Vox = -2 Vde SON 






A f, FREQUENCY DEVIATION, RMS (Hz) 






0.1 CEE CT ttt TBS SS 10 
10 100 100 10,000 0.1 100 
cy (pF) 0 f, OPERATING FREQUENCY - 
Figure 3. Output Frequency versus Capacitance Figure 4. RMS Noise Deviation versus 
for Various Values of Input Voltage Operating Frequency 


Cy (pF) = FREQUENCY-CAPACITANCE PRODUCT AT 
DESIRED Vcx DESIRED FREQUENCY (MHz) 





00 
-2 -18 -16 -14 -12 -1 -08 -06 -04 -02 0 
Vex, INPUT VOLTAGE (Vdc) 


fo@ Cy; FREQUENCY-CAPACITANCE PRODUCT (MHz-pF) 


Figure 5. Frequency Capacitance Product versus Control Voltage (Vcx) 
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200MHz Voltage Controlled 
Multivibrator 


e High Frequency VCM Ideal for PLL Applications 


e Single External Resistor Determines Center Frequency; Additional 
Resistor Determines f/V Sensitivity 


e Internal Ripple Counter (1/2, 1/4, 1/8) For Low Frequency Applications | 
~ TTL/ECL Outputs 200MHz VOLTAGE 


e VCO Output Enable Pins (TTL/ECL Level) CONTROLLED 
e +5.0V Single Supply Voltage MULTIVIBRATOR 


e Packages: DIP, PLCC 
20 | : : ) 
1 


_ P SUFFIX 
PLASTIC DIP PACKAGE 
CASE 738-03 





Pinout: 20-Lead Plastic Package (Top View) 


EBT EBE Vcco FOE FOE FSE FSE Vcoc3 FST VeE3 





ie « 
4 


Pinout: 20-Lead PLCC Package (Top View) | 3 
Voc2 FOE FOE FSE FSE FN SUFFIX 
Eee 2 PLCC PACKAGE 


CASE 775-02 





PIN NAMES 


Center Frequency Inputs 
Frequency Control Input 
Bias Filter Input 
Frequency Select Input 





RS Vo Cp VEE, FS TTL Output Enable 


TTL +2, +4, +8 Output 

Diff ECL +2, +4, +8 Outputs 
Diff ECL +1 Outputs 

VCO Disable, ECL Level Input 
VCO Disable, TTL Level Input 








ee : . . (M) MOTOROLA 
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MC12100 


ECL (TTL) 


FOE FOE FSE FSE FST 


FS 
CENTER 
FREQUENCY FREQUENCY SELECT 
SET FUNCTION TABLE 


FS Divide 
Level Ratio 


Rx 
RIPPLE 
COUNTER 





H 1/2 
OPEN 1/4 
L 1/8 





as EBT  EBE 
(TTL) (ECL) VCO DISABLE FUNCTION TABLE 


BIAS FILTER 
cp L EBT FOE,FSE,FST | FOE,FSE | 





FREQUENCY H or OPEN 
CONTROL OSCILLATION 


INPUT 





Figure 1. Block Diagram 
ABSOLUTE MAXIMUM RATINGS 


Voc1 Power Supply Voltage —0.5 to +8.0 
Vcc2 
VCC3 


VIN (TTL) Input Voltage -0.5toVcc pov 
VIN (ECL) Input Voltage -0.5to Voc ae 
















Output Source Current — Continuous 
J Junction Operating Temperature 
TSTG Storage Temperature —55 to +150 


OPERATING CONDITIONS 


[symbol Pavameter SCC 


lout (ECL) Output Source Current — Surge 
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MC12100 


DC CHARACTERISTICS (Vcc = 5.0V +5%; Rx = 2.4kQ; Ry = 1.5kQ; Cp = 0.001F) 
ee ee ee 
hel sale TUE) dale 
Icc Supply Current 75 120 65 110 135 mA EBT =EBE=Vcc 
teal epee eee Leer 
eee ie ae 
Your | Ouputrigh votes. | | [2a] _| v 


) 
VOLE Output Low Voltage, ECL Po 3.0 fe cas a V voc : rs Ri = 50Q, 
T 














EBT rouvioncrens {| | | [| | 
Ce eee 


VIN = 7.0V 


Tint | et rowtowcuren | | | | po | _ 


Pine [ESE rarign cures {| | | ta] | [wa | vneaioy 
Pine | eB toutvowcurens || trot {| {| | vaso 
Pus [rsienmevioe {| | | tit |_| v | veowsv 


we [oorwmmnes TT eT eT TT ieee 
T =3.0 


< 


ea 

[Ver | EBT nputtow votase | _ 

Wine | EBEinputrigh Votese | 

Vue | E8E tpattowverage | ___ 
Vc Input Voltage 


VLM 
Cp Output Voltage 


Center Frequency (Vyc — Vcp = OV) 
r 
f 






FMIN (Vc = 1/2 Vcc £1.5V, Voc = 5.0V) 
| 
cot Resettine 


Loading: ECL = 50Q to V7; TTL = 5009, 50pF 
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1/2 
Voc 


40K 





MC12100 


OUTPUT FREQUENCY FORMULA 


1) CENTER FREQUENCY : fosc =~ Sati = (M2) 


Ry in kQ Units: 2.0kQ < Ry < 2.7kQ 





2) GAIN: Ar = aw (MHz/V) 


Ry in kQ Units: 1.0kQ < Ry < 2.0kQ 


aes aD aE ae Ea, 6 | 5 | aa —|4 sare eee aaa ees LEE Cd 
Cp = 0.001pF 
VCB 


CB 


Voct Vc 


Cr = 0.1pF 
Yoo 


aes 


Figure 2. VCO Detail 


Notes: 


e For optimum VCO linearity (MHz/V), the following resistor ranges are recommended: 


2.0kQ < RX < 2.7kQ (Ry = 1.5kQ) 
1.0kQ < Ry < 2.0kQ (Rx = 2.4kQ) 


e TTL output maximum frequency = 50MHz 


e Simultaneous use of both ECL and TTL outputs are not recommended due to excessive power consumption for the ElAJ Type II 


SO package 


Voc = +2.0VDC 
@ 


0.001 yF 





—L 
= VeE=-3.0VDC 


Figure 3. AC Test Circuit (FO/trE/tfe Measurement) 
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Voc = +5.0VDC 
O 


yon = 0.1 uF 
16 
OO 
e 


50Q SS 50Q 
O +3.0V 


a6 14 


—.. 12 
= VIE 519 O 
20 
e @ @ 
oF = 
= Vee=GND 


Figure 4, AC Test Circuit (Other Measurements) 





MOTOROLA 


MC12100 


TTT 
TTS 
ie TT 
50% 
EBT 
TEO 
TES 
50% 
TET 
EBE 
FOE / soo 
FSE 50% 
FST 


50% 


Figure 5. Switching Waveforms 


VCO DISABLE FUNCTION TABLE 


| eee | pT | FOE,FSE,FST__| FOE,FSE_ 
H 
L 





Hot OPEN H 
LorOPEN | H | OSCILLATION 
a aa Se OSCILLATION 
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MC12100 


w 
oS 
Oo 
wo 
So 
Oo 


Ry = 2.4kQ 








ine) 
o1 
(=) 
aw) 
on 
Oo 











pe) 
oO 
i=) 


200 











—_ 
fo] 
Oo 


100 


OUTPUT FREQUENCY (MHz) 
a 

OUTPUT FREQUENCY (MHz) 
z 








o 
oO 


50 
































1.5 2.0 2.5 3.0 3.5 4.0 1.5 2.0 2.5 3.0 3.5 4.0 


Vc (V) Vc (V) 
Figure 6. Vc versus Output Frequency Figure 7. Vc versus Output Frequency 
Varying Rx @ Vcc = 5.0V; Ta = 25°C; Ry = 1.5kQ Varying Ry @ Vcc = 5.0V; Ta = 25°C; Rx = 2.4kQ 


300 


Voc = 5.25V 


nh 
qi 
(=) 
ye) 
gl 
fo) 











200 














OUTPUT FREQUENCY (MHz) 
S 


OUTPUT FREQUENCY (MHZ) 
Z 








oi 
Oo 



































1.5 2.0 2.5 3.0 3.5 4.0 1.5 2.0 2.5 3.0 3.5 4.0 
Vc (V) Ve (V) 
Figure 8. Vc versus Output Frequency Figure 9. Vc versus Output Frequency 
Varying Ta @ Vcc = 5.0V; Rx = 2.4kQ; Ry = 1.5kQ Varying Vcc @ Rx = 2.4kQ; Ry = 1.5kQ; Ta = 25°C 
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130MHz Voltage Controlled 
Multivibrator | _  MC12101 


e High Frequency VCM Ideal for PLL Applications 


e Single External Resistor Determines Center Frequency; Additional 
Resistor Determines f/V Sensitivity . 


e Internal Ripple Counter (1/2, 1/4, 1/8) for Low Frequency Applications, 
TTL/ECL Outputs 130MHz VOLTAGE 


e VCO Output Enable Pins (TTL/ECL Level) CONTROLLED 


e +5.0V Single Supply Voltage MULTIVIBRATOR 
e Packages: DIP, PLCC 





Pinout: 20-Lead Plastic Package (Top View) 


BT EBE Vcco FOE FOE FSE FSE Vcc3 FST Veg3 


P SUFFIX 
PLASTIC DIP PACKAGE 
CASE 738-03 





4 


FN SUFFIX 
PLCC PACKAGE 
CASE 775-02 


Pinout: 20-Lead PLCC Package (Top View) 
Vocg FOE FOE FSE FSE 





PIN NAMES 


Center Frequency Inputs 
Frequency Control Input 
Bias Filter Input 
Frequency Select Input 


TTL Output Enable 

TTL +2, +4, +8 Output 

Diff ECL +2, +4, +8 Outputs 
Diff ECL +1 Outputs 

VCO Disable, ECL Level Input 
RS Vo Cp Vegi FS VCO Disable, TTL Level Input 
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MC12101 


ECL (TTL) 


FOE FOE SE FSE FST 


e 
ae! = 


O 
CO) 
3:1 
@ 








MULTIPLEXER | FS 
CENTER 
FREQUENCY FREQUENCY SELECT 
SET FUNCTION TABLE 
Rx Level Ratio 
RIPPLE 

COUNTER H 1/2 

OPEN 1/4 

Ry L 1/8 

Cr 





(TTL) (ECL) —_ VCO DISABLE FUNCTION TABLE 


__EBE | EBT __| FOE, FSE, FST 








Cp ~L BIAS FILTER 


FREQUENCY HM H or OPEN 
CONTROL L or OPEN OSCILLATION 
ee OSCILLATION 





Figure 1. Block Diagram 


ABSOLUTE MAXIMUM RATINGS 








Symbol Parameter Value 


VCC1 Power Supply Voltage —0.5 to +8.0 
Vcc2 
VcCc3 

{ 












| Unit 
Pvt) | tputvotage——SSSCSCSC~“‘*S*~‘“*~‘~*~‘~*~*“dCSCSC‘“C OG CYC 
Output Source Current — Continuous a ee eee 


J Junction Operating Temperature 
TSTG Storage Temperature —55 to +150 


OPERATING CONDITIONS 


a 


lout (ECL) Output Source Current — Surge m 
50 m 












oa 
| / 
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MC12101 


DC CHARACTERISTICS (Vcc = 5.0V +5%; Rx = 2.4kQ; Ry = 1.5k9; Cp = 0.001,1F) 


[es [we | 7 
characte [win [ wax | win | Ty | Wor 










Gl 


| Min Condition 

Icc Supply Current 135 70 100 120 85 150 A EBT =EBE=Vcc 
(ECL, TTL) 

vour | OupttowvorageTm | | | | Joa] F5=GND 

Vout | Ouputrisnvorega™m™ | | [2a] | | F5=GND 

VOLE Output Low Voltage, ECL 3.0 3.4 Vcc = 5.0V, RL = 50Q, 
VT =3.0V 
Vcc = 5.0V, Ri = 502, 

= 3.0V 


liLT EBT Input Low Current 


WHT EBT Input High Current 


lINHE EBE Input High Current 
liNLE EBE Input Low Current 


c 


<= 
+ 


et 
Ce _t 
SE 


< 

< 
QO 
O 

Hl 

| 
Oo 
< 


Hascall vateabuncaie OE OO lak A fe 
ee ae Ed 

Ee 

a 


o] [=l - [={ [v¥[ 
Sc 
0 A a 


VLM Vc Input Voltage +1.1 | 41.3 } 41.5 V Voc = 5.0V 
Ve=Vec +2 


[_[aas [eso fos [Lv [vcore 


PO 
(o>) 


ee co=v 
Coe od 








AC CHARACTERISTICS (Vcc = 5.0V; Rx = 2.4kQ; Ry = 1.5kQ; Cp = 0.001uF; V7 = 3.0V) 


Center Frequency (Vyc — Vc = OV) Voc = +2.0V 
VEE =-3.0V 
FMAX — Frequency Range 
FMIN (Vc = 1/2 Voc +1.5V, Voc = 5.0V) 
| te |: FOE/FOE/FSE/FSE Rise Time 


FO 
rE 
E 
E 


t 
t 
TTO 


Loading: ECL = 50Q to V7; TTL = 500Q, 50pF 
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1/2 
Vcc 


40K | 


40K 


MC12101 


OUTPUT FREQUENCY FORMULA 


1) CENTER FREQUENCY : fosc = ie — (MHz) 


Ry in KQ Units: 2.7kQ < Ry <3.6kQ 





2) GAIN : Ay = ae ay (MH2/V) 


Ry in kQ Units: 1.5kQ < Ry <2.4kQ 





tp} tp 


Re aed ea eae SEER =e 6 | js | eS: —|« are Bod Seas ERP ee Saas eae 
Cp = 0.001 uF 
VCB 


rT“ 


Voct 7 Vc 


Cr =0.1pF 
Yeo 


as 


Figure 2. VCO Detail 


Notes: 


e For optimum VCO linearity (MHz/V), the following resistor ranges are recommended: 


3.6kQ. < Rx < 4.6kQ (Ry = 2.0kQ) 
1.5kQ < RY < 2.4kQ (Rx = 3.3kQ) 


e TTL output maximum frequency = 50MHz 


e Simultaneous use of both ECL and TTL outputs are not recommended due to excessive power consumption for the ElAJ 


Type Il SO package 


Veco = +2.0VDC 
O) 


0.001 ,1F 


an 
= Vee =-3.0VDC 


Figure 3. AC Test Circuit (FO/t,;E/t#_ Measurement) 





Voc = +5.0VDC 
@ 


aii 
O O) O) 
be ra 
OD 
a Eo! 
4 
e 


re O +3.0V 
_ VIE 52 © 
20 
0 O QO a 
0.1pF + ‘e 
= VeE=GND 


Figure 4. AC Test Circuit (Other Measurements) 
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TIT 
TTS 
i TTO 
50% 
EBT 
TEO 
TES 
50% 
TED 
ERE. > 
FOE aay 
FSE 50% 
FST 


50% 


Figure 5. Switching Waveforms 


VCO DISABLE FUNCTION TABLE 


| EBE | EBT | _FOE,FSE,FST | FOE,FSE | 
L or OPEN 
H 
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FREQUENCY (MHz) 





Vc (VOLTS) 


Figure 6. Vc versus Output Frequency 
Varying Rx @ Vcc = 5.0 V; Ta = 25°C; Ry = 2.0 kQ 


200 


_—s 
oT 
fon] 





MC12101 


FREQUENCY (MHz) 





1.0 15 2.0 2.5 3.0 3.5 4.0 
Vc (VOLTS) 


Figure 7. Vc versus Output Frequency 
Varying Ry @ Vcc = 5.0 V; Ta = 25°C; Ry = 3.3 kQ 








y y 
= = 
> > 
2 100 2 
LW LU 
a) — 
oO Co 
LU Lu 
fk i 
50 
0 
1.0 
Vc (VOLTS) Vc (VOLTS) 
Figure 8. Vc versus Output Frequency Figure 9. Vc versus Output Frequency 
Varying Ta @ Vcc = 5.0 V; Rx = 3.3 kQ; Ry = 2.0 kQ Varying Vcc @ Rx = 3.3 kQ; Ry = 2.0 kQ; Ta = 25°C 
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Low Power Voltage 
Controlied Oscillator Buffer 


The MC12147 is intended for applications requiring high frequency 
signal generation up to 1300MHz. An external tank circuit is used to 
determine the desired frequency of operation. The VCO is realized using 
an emitter—coupled pair topology. The MC12147 can be used with an 
integrated PLL IC such as the MC12202 1.1GHz Frequency Synthesizer 
to realize a complete PLL sub-system. The device is specified to operate 
over a voltage supply range of 2.7V to 5.5V. It has a typical current 
consumption of 13mA at 3V which makes it attractive for battery operated 
handheld systems. 


NOTE: The MC12147 is NOT suitable as a crystal oscillator. 


Operates Up to 1.3GHz 

Space—Efficient 8—Pin SOIC or SSOP Package 
e Low Power 13mA Typical @ 3.0V Operation 
Supply Voltage of 2.7 to 5.5V 


Typical 9OOMHz Performance 
— Phase Noise —105dBc/Hz @ 100KHz Offset 
~ Tuning Voltage Sensitivity of 2OMHz/V 


Output Amplitude Adjustment Capability 
Two High Drive Outputs With a Typical Range from —8dBm to —2dBm 


The device has two high frequency outputs which make it attractive for 
transceiver applications which require both a transmit and receive local 
oscillator (LO) signal. The outputs Q and QB are available for servicing 
the receiver IF and transmitter up—converter single-ended. In receiver 
applications, the outputs can be used together if it is necessary to 
generate a differential signal for the receiver IF. Because the Q and QB 
outputs are open collector, terminations to the Vcc supply are required for 
proper operation. Since the outputs are complementary, BOTH outputs 
must be terminated even if only one is needed. The Q and QB outputs 
have a nominal drive level of -8dBm to conserve power. If addition signal 
amplitude is needed, a level adjustment pin (CNTL) is available, which 
when tied to ground, boosts the nominal output levels to -2dBm. 


External components required for the MC12147 are: (1) tank circuit 
(LC network); (2) Inductor/capacitor to provide the termination for the 
open collector outputs; and (3) adequate supply voltage bypassing. The 
tank circuit consists of a high—Q inductor and varactor components. The 
preferred tank configuration allows the user to tune the VCO across the 
full supply range. VCO performance such as center frequency, tuning 
voltage sensitivity, and noise characteristics are dependent on the 
particular components and configuration of the VCO tank circuit. 


11/95 
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MC12147 


LOW POWER VOLTAGE 
CONTROLLED OSCILLATOR 


REV 0.1 


BUFFER 


‘Be 


1 


D SUFFIX 
PLASTIC SOiC PACKAGE 
CASE 751-03 


1 


1 


SD SUFFIX 
PLASTIC SSOP PACKAGE 
CASE 940-03 





(MA) MOTOROLA 


MC12147 


PIN NAMES 


Power Supply 
Amplitude Control for Q, QB Output Pair 
| Tank Circuit Input 


Bias Voltage Output 
Open Collector Output 
Ground 

Open Collector Output 





Voc CNTL TANK Vpee 


Pinout: 8-Lead Plastic Package (Top View) 


MAXIMUM RATINGS* 


Power Supply Voltage, Pin 1 -0.5 to +7.0 
Operating Temperature Range —40 to +85 tee. ol 
Storage Temperature Range | -65 to +150 pe eee | 


Maximum Output Current, Pin 5,7 















* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 


ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5 VDC, Ta = -40°C to +85°C) 


Symbol Characteristic | 


Supply Current (CNTL=GND)Vcc = 3.3V 14.0 18 mA 
Voc = 5.5V 23:5 28 


Supply Current (CNTL=OPEN)Vcc = 3.3V 











Vcc = 5.5V 


ICC 
Icc 
[ Von. Output Amplitude (Pin 5 & 7)'Vcc = 2.7V 26 | ar | V | 
VOL 502 to Vcc Voc =2.7V 2.1 2.3 2.4 
|} VOH: 
— 







Laer Output Amplitude (Pin 5 & 7)1Vcc = 5.5V Poe ee ae 
VOL 502. to Voc Voc = 5.5V 4.8 5.0 51 | 
a ae Oi 

iy [esr at to once, azewe3 a 


5 
Fets Frequency Stability3:4Supply Drift 0.8 
fott Thermal Drift 50 


1. CNTL pin tied to ground. 

2. Actual performance depends on tank components selected. 
3. See Figure 12, 750MHz tank. 

4. T=25°C, Voc = 5V +10% 
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OPERATIONAL CHARACTERISTICS 


A simplified schematic of the MC12147 is found in 
Figure 1. The oscillator incorporates positive feedback by 
coupling the base of transistor Q2 to the collector of transistor 
Q1. In order to minimize interaction between the VCO 
outputs and the oscillator tank transistor pair, a buffer is 
incorporated into the circuit. This differential buffer is realized 
by the Q3 and Q4 transistor pair. The differential buffer drives 
the gate which contains the primary open collector outputs, Q 
and QB. The output is actually a current which has been set 
by an internal bias driver to a nominal current of 4mA. 
Additional circuitry is incorporated into the tail of the current 
source which allows the current source to be increased to 
approximately 10mA. This is accommodated by the addition 
of a resistor which is brought out to the CNTL pin. When this 
pin is tied to ground, the additional current is sourced through 
the current source thus increasing the output amplitude of the 
Q/QB output pair. If less than 10mA of current is needed, a 
resistor can be added to ground which reduces the amount of 
current. 


APPLICATION INFORMATION 


Figure 2 illustrates the external components necessary for 
the proper operation of the VCO buffer. The tank circuit 
configuration in this figure allows the VCO to be tuned across 
the full operating voltage of the power supply. This is very 
important in 3V applications where it is desirable to utilize as 
much of the operating supply range as possible so as to 
minimize the VCO sensitivity (MHz/V). In most situations, it is 
desirable to keep the sensitivity low so the circuit will be less 
susceptible to external noise influences. An additional benefit 
to this configuration is that additional regulation/ filtering can 





be incorporated into the Vcc line without compromising the 
tuning range of the VCO. With the AC-coupled tank 
configuration, the Vitune voltage can be greater than the Vcc 
voltage supplied to the device. 


There are four main areas that the user directly influences 
the performance of the VCO. These include Tank Design, 
Output Termination Selection, Power Supply Decoupling, 
and Circuit Board Layout/Grounding. 


The design of the tank circuit is critical to the proper 
operation of the VCO. This tank circuit directly impacts the 
main VCO operating characteristics: 


1) 
2) 
3) 
4) 


Frequency of Operation 
Tuning Sensitivity 

Voltage Supply Pushing 
Phase Noise Performance 


The tank circuit, in its simplest form, is realized as an LC 
circuit which determines the VCO operating frequency. This 
is described in Equation 1. 


= 1 
2m ¥ LC 


In the practical case, the capacitor is replaced with a 
varactor diode whose capacitance changes with the voltage 
applied, thus changing the resonant frequency at which the 
VCO tank operates. The capacitive component in Equation 1 
also needs to include the input capacitance of the device and 
other circuit and parasitic elements. Typically, the inductor is 
realized as a surface mount chip or a wound-—coil. In addition, 
the lead inductance and board inductance and capacitance 
also have an impact on the final operating point. 


fo Equation 1 


CJ CNTL 


GND 


Figure 1. Simplified Schematic 
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MC12147 


Cé6a 


|» VCO Output 


L2b 
Céb 


|» VCO Output 


1. This input can be left open, tied to ground, or tied with a resistor to ground, depending 
on the desired output amplitude needed at the Q and QB output pair. 
2. Typical values for R1 range from 5kQ to 10kQ. 


Figure 2. MC12147 Typical External Component Connections 


A simplified linear approximation of the device, package, 
and typical board parasitics has been developed to aid the 
designer in selecting the proper tank circuit values. All the 
parasitic contributions have been lumped into a parasitic 
Capacitive component and a parasitic inductive component. 
While this is not entirely accurate, it gives the designer a solid 
starting point for selecting the tank components. 


Below are the parameters used in the model. 


Cp 
Lp 
LT 
C1 
Cb 
CV 


The values for these components are substituted into the 
following equations: 


Parasitic Capacitance 

Parasitic Inductance 

Inductance of Coil 

Coupling Capacitor Value 

Capacitor for decoupling the Bias Pin 
Varactor Diode Capacitance (Variable) 


- _ Ci x CV 
Ci = cracy t oP Equation 2 
_ Ci x Cb 
~ Ci + Cb Equation 3 
L= tLp+LtT Equation 4 


From Figure 2, it can be seen that the varactor 
capacitance (CV) is in series with the coupling capacitor 
(C1). This is calculated in Equation 2. For analysis purposes, 
the parasitic capacitances (CP) are treated as a lumped 
element and placed in parallel with the series combination of 
Ci and CV. This compound capacitance (Ci) is in series with 
the bias capacitor (Cb) which is calculated in Equation 3. The 
influences of the various capacitances; C1, CP, and Cb, 
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impact the design by reducing the variable capacitance 
effects of the varactor which controls the tank resonant 
frequency and tuning range. 


Now the results calculated from Equation 2, Equation 3 
and Equation 4 can be substituted into Equation 1 to 
calculate the actual frequency of the tank. 


To aid in analysis, it is recommended that the designer use 
a simple spreadsheet based on Equation 1 through 
Equation 4 to calculate the frequency of operation for various 
varactor/inductor selections before determining the initial 
starting condition for the tank. 


The two main components at the heart of the tank are the 
inductor (LT) and the varactor diode (CV). The capacitance of 
a varactor diode junction changes with the amount of reverse 
bias voltage applied across the two terminals. This is the 
element which actually “tunes” the VCO. One characteristic 
of the varactor is the tuning ratio which is the ratio of the 
capacitance at specified minimum and maximum voltage 
points. For characterizing the MC12147, a Matsushita 
(Panasonic) varactor - MA393 was selected. This device has 
a typical capacitance of 11 pF at 1V and 3.7 pF at 4V and the 
C-V characteristic is fairly linear over that range. Similar 
performance was also acheived with Loral varactors. A 
multi-layer chip inductor was used to realize the LT 
component. These inductors had typical Q values in the 
35-50 range for frequencies between 500 and 1000MHz. 


Note: There are many suppliers of high performance 
varactors and inductors an Motorola can not recommend one 
vendor over another. 


The Q (quality factor) of the components in the tank circuit 
has a direct impact on the resulting phase noise of the 
oscillator. In general, the higher the Q, the lower the phase 
noise of the resulting oscillator. In addition to the LT and CV 
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components, only high quality surface-mount RF chip 
capacitors should be used in the tank circuit. These 
capacitors should have very low dielectric loss (high—Q). Ata 
minimum, the capacitors selected should be operating 100 
MHz below their series resonance point. As the desired 
frequency of operation increases, the values of the C1 and 
Cb capacitors will decrease since the series resonance point 
is a function of the capacitance value. To simplify the 
selection of C1 and Cb, a table has been constructed based 
on the intended operating frequency to provide 
recommended starting points. These may need to be altered 
depending on the value of the varactor selected. 









200 — 500 MHz 47 pF 47 pF 
500 — 900 MHz 5.1 pF 15 pF 
900 - 1200 MHz 


ot 





The value of the Cb capacitor influences the VCO supply 
pushing. To minimize pushing, the Cb capacitor should be 
kept small. Since C1 is in series with the varactor, there is a 
strong relationship between these two components which 
influences the VCO sensitivity. Increasing the value of C1 
tends to increase the sensitivity of the VCO. 


The parasitic contributions Lp and Cp are related to the 
MC12147 as well as parasitics associated with the layout, 
tank components, and board material selected. The input 
capacitance of the device, bond pad, the wire bond, 
package/lead capacitance, wire bond inductance, lead 
inductance, printed circuit board layout, board dielectric, and 
proximity to the ground plane all have an impact on these 
parasitics. For example, if the ground plane is located directly 
below the tank components, a parasitic capacitor will be 
formed consisting of the solder pad, metal traces, board 
dielectric material, and the ground plane. The test fixture 
used for characterizing the device consisted of a two sided 
copper clad board with ground plane on the back. Nominal 
values where determined by selecting a varactor and 
characterizing the device with a number of different tank/ 
frequency combinations and then performing a curve fit with 
the data to determine values for Lp and Cp. The nominal 
values for the parasitic effects are seen below: 


Parasitic Capacitance Cp 4.2 pF 
Parasitic Inductance Lp 2.2 nH 


MOTOROLA 


132 


These values will vary based on the users unique circuit 
board configuration. 


Basic Guidelines: 


1. Select a varactor with high Q and a reasonable 
capacitance versus voltage slope for the desired 
frequency range. 

2. Select the value of Cb and C1 from the table above . 

3. Calculate a value of inductance (L) which will result in 
achieving the desired center frequency. Note that L 
includes both LT and Lp. 

4. Adjust the value of C1 to achieve the proper VCO 
sensitivity. 

5. Re—adjust value of L to center VCO. 

6. Prototype VCO design using selected components. It 
is important to use similar construction techniques and 
materials, board thickness, layout, ground plane 
spacing as intended for the final product. 

7. Characterize tuning curve over the voltage operation 
conditions. 

8. Adjust, as necessary, component values — L,C1, and 
Cb to compensate for parasitic board effects. 

9. Evaluate over temperature and voltage limits. 

. Perform worst case analysis of tank component 

variation to insure proper VCO operation over full 

temperature and voltage range and make any 
adjustments as needed. 


Outputs Q and QB are open collector outputs and need a 
inductor to VCC to provide the voltage bias to the output 
transistor. In most applications, DC—blocking capacitors are 
placed in series with the output to remove the DC component 
before interfacing to other circuitry. These outputs are 
complementary and should have identical inductor values for 
each output. This will minimize switching noise on the VCC 
supply caused by the outputs switching. It is important that 
both outputs be terminated, even if only one of the outputs is 
used in the application. 


Referring to Figure 2, the recommended value for L2a and 
L2b should be 47 nH and the inductor components 
resonance should be at least 300 MHz greater than the 
maximum operating frequency. For operation above 1100 
MHz, it may be necessary to reduce that inductor value to 33 
nH. The recommended value for the coupling capacitors 
C6a, C6b, and C7 is 47 pF. Figure 2 also includes decoupling 
capacitors for the supply line as well as decoupling for the 
output inductors. Good RF decoupling practices should be 
used with a series of capacitors starting with high quality 100 
pF chip capacitors close to the device. A typical layout is 
shown below in Figure 3. 





HIPERCOMM 
BR1334 — REV 3 


The output amplitude of the Q and QB can be adjusted 
using the CNTL pin. Refering to Figure 1, if the CNTL pin is 
connected to ground, additional current will flow through the 
current source. When the pin is left open, the nominal current 
flowing through the outputs is 4 mA. When the pin is 
grounded, the current increases to a nominal value of 10 mA. 
So if a 50 ohm resistor was connected between the outputs 
and VCC, the output amplitude would change from 200 mV 
pp to 500 mV pp with an additional current drain for the 
device of 6 mA. To select a value between 4 and 10 mA, an 
external resistor can be added to ground. The equation below 
is used to calculate the curreni. 


(200 + 136 + Rext) x 0.8V 


lout(nom) = ——599 x 136 + Rex) 


Figure 4 through Figure 13 illustrate typical performance 
achieved with the MC12147. The curves illustrate the tuning 
curve, supply pushing characteristics, output power, current 





Vongiet = ree) aes 


Varactor 


|} Cb 





MC12147 


drain, output spectrum, and phase noise performance. In 
most cases, data is present for both a 750 MHz and 1200 
MHz tank design. The table below illustrates the component 
values used in the designs. 


3.7@ivV 
11@4V 





* The value of Cb should be reduced to minimize pushing. 


Céa 
ea! - VCO Output 1 





| - VCO Output 2 
Céb 


= Via to/or Ground Plane 


N= vi 
= Via to/or Power Plane 
MA 





Figure 3. MC12147 Typical Layout 
(Not to Scale) 
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Figure 4. Typical VCO Tuning Curve, 750MHz Tank 
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Figure 5. Typical Supply Pushing, 750MHz Tank 
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Figure 7. Typical Current Drain versus Supply, 750MHz Tank 
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Frequency of Operation (MHz) 


Frequency of Operation (MHz) 
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Figure 8. Typical VCO Tuning Curve, 1200MHz Tank (Vcc = 5.0V) 
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Figure 10. Q/QB Output Power versus Supply, 1200MHz Tank 
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Figure 11. Typical VCO Output Spectrum 
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Figure 12. Typical Phase Noise Plot, 750MHz Tank 
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Figure 13. Typical Phase Noise Plot, 1200MHz Tank 
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Low-Power Voltage 
Controlled Oscillator MC12148 


The MC12148 requires an external parallel tank circuit consisting of 
the inductor (L) and capacitor (C). A varactor diode may be incorporated 
into the tank circuit to provide a voltage variable input for the oscillator 
(VCO). This device may also be used in many other applications requiring 
a fixed frequency clock. 


The MC12148 is ideal in applications requiring a local oscillator. 
Systems include electronic test equipment and digital high-speed CONTROLLED OSCILLATOR 


telecommunications. 


The MC12148 is based on the VCO circuit topology of the MC1648. 
The MC12148 has been realized utilizing Motorola’s MOSAIC III 
advanced bipolar process technology which results in a design which can 
operate at a much higher frequency than the MC1648 while utilizing half 
the current. Please consult with the MC1648 data sheet for additional 
background information. 


The ECL output circuitry of the MC12148 is not a traditional open 
emitter output structure and instead has an on-chip termination resistor 
with a nominal value of 500 ohms. This facilitates direct AC—coupling of D SUFFIX 
the output signal into a transmission line. Because of this output SOIC PACKAGE 
configuration, an external pull-down resistor is not required to provide the CASE 751-05 
output with a DC current path. This output is intended to drive one ECL 
load. If the user needs to fanout the signal, an ECL buffer such as the 
MC10EL16 Line Receiver/Driver should be used. 


NOTE: The MC12148 is NOT useable as a crystal oscillator. 


LOW-POWER VOLTAGE 





e Typical Operating Frequency Up to 1100MHz gn eee 


e Low-Power 20mA at 5.0Vdc Power Supply CASE 940-02 
8-Pin SOIC Package 
Phase Noise —90dBc/Hz at 25KHz Typical 





BLOCK DIAGRAM 
(Typical Test Circuit) 


Pinout: 8-Lead SOIC (Top View) 






GND VCCO Out GND 





fa 6 | , 
* The 1200Q resistor and the scope 
GND VCCO Out GND termination impedance constitute a 25:1 


attenuator probe. 








Voc AGC TANK Vref 





Voc AGC TANK Vref 
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MAXIMUM RATINGS 


a 
[voc __| Power Sippy Vatage Pint ———SSSCSCSC~S~‘i Caw 
a TT 
ag | Sage TempertreRange SiC so 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V; Ta = —40°C to +85°C) 


Vde 

°C 

°C : 
| 395 | v 

V 

Bc 

















dBc/Hz 
dBc/Hz 


CSR @ 25KHz Offset, 1Hz BW 
CSR @ {MHz Offset, 1Hz BW 


Von | Output Level HIGH (1M40 Impedance) 3.95 a 
| SNR__| SNR (Signal to Noise Ratio trom Carrer aa ee eee 


Icc 

VOH 

Vou 
) 
) 

SNR 





KHz/mV 


KHz/°C 


Frequency Stability Supply Drift 
Thermal Drift 


Second Harmonic (from Carrier) 











Figure 1. Circuit Schematic 
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Figure 2. Typical Evaluation Results 
(CSR MC12148 5.0Vdc; Voc @ 25°C; 930MHz CW) 


Tank Component Suppliers 
Below are suppliers who manufacture tuning varactors and inductors which can be used to build an external tank circuit. 


Motorola has used these varactors and inductors for evaluation purposes, however, there are other vendors who manufacture 


similar products. 
Alpha Tuning Diodes DVH6730 Series 


Coilcraft Inductors AO1T thru AO5T 
Coilcraft-Coilcraft, Inc. Alpha Semiconductor Devices Division 
1102 Silver Lake Rd. 20 Sylvan Road 
Gary, Illinois 60013 Woburn, MA 01801 

617-935-5150 


708-639-6400 

Loral Tuning Varactors GC1500 Series 
Loral 
16 Maple Road 
Chelmsford, Massachusetts 01824 
508-256-8101 or 508-256-4113 


* At 1.1GHz, use a Coilcraft AOIT Springair coil at 2.5nH and a Loral Varactor 3-8pF at Vix = 1 to 5V. 
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Low Power Voitage 
Controlled Oscillator Buffer 


The MC12149 is intended for applications requiring high frequency 
signal generation up to 1300MHz. An external tank circuit is used to 
determine the desired frequency of operation. The VCO is realized using 
an emitter-coupled pair topology. The MC12149 can be used with an 
integrated PLL IC such as the MC12202 1.1GHz Frequency Synthesizer 
to realize a complete PLL sub—system. The device is specified to operate 
over a voltage supply range of 2.7V to 5.5V. It has a typical current 
consumption of 15mA at 3V which makes it attractive for battery operated 
handheld systems. 


NOTE: The MC12149 is NOT suitable as a crystal oscillator. 


® Operates Up to 1.3GHz 

e Space—Efficient 8—Pin SOIC or SSOP Package 
@ Low Power 15mA Typical @ 3.0V Operation 

e Supply Voltage of 2.7 to 5.5V 


@ Typical 9OOMHz Performance 
— Phase Noise —105dBc/Hz @ 100KHz Offset 
— Tuning Voltage Sensitivity of 2OMH2/V 


e Qutput Amplitude Adjustment Capability 
e Two High Drive Outputs With a Typical Range from —8dBm to —-2dBm 
e One Low—Drive Ouiput for Interfacing to a Prescaler 


The device has three high frequency outputs which make it attractive 
for transceiver applications which require both a transmit and receive 
local oscillator (LO) signal as well as a lower amplitude signal to drive the 
prescaler input of the frequency synthesizer. The outputs Q and QB are 
available for servicing the receiver IF and transmitter up—converter 
single—ended. In receiver applications, the outputs can be used together 
if it is necessary to generate a differential signal for the receiver IF. 
Because the Q and QB outputs are open collector, terminations to the 
VCC supply are required for proper operation. Since the outputs are 
complementary, BOTH outputs must be terminated even if only one is 
needed. The Q and QB outputs have a nominal drive level of -8dBm to 
conserve power. If addition signal amplitude is needed, a level adjustment 
pin (CNTL) is available, which when tied to ground, boosts the nominal 
output levels to -2dBm. A low power VCO output (Q2) is also provided to 
drive the prescaler input of the PLL. The amplitude of this signal is 
nominally 500mV which is suitable for most prescalers. 


MC12149 


LOW POWER VOLTAGE 
CONTROLLED OSCILLATOR 
BUFFER 


‘& 


1 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-03 


z=, 


SD SUFFIX 
PLASTIC SSOP PACKAGE 
CASE 940-03 





External components required for the MC12149 are: (1) tank circuit (LC network); (2) Inductor/capacitor to provide the 
termination for the open collector outputs; and (3) adequate supply voltage bypassing. The tank circuit consists of a high—Q 
inductor and varactor components. The preferred tank configuration allows the user to tune the VCO across the full supply range. 
VCO performance such as center frequency, tuning voltage sensitivity, and noise characteristics are dependent on the particular 


components and configuration of the VCO tank circuit. 
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PIN NAMES 


Power Supply 
Amplitude Control for Q, QB Output Pair 
Tank Circuit Input 


Bias Voltage Output 
Open Collector Output 
Ground 

Open Collector Output 
Low Power Output Yoo ONTL TANK Vper 





Pinout: 8-Lead Plastic Package (Top View) 


MAXIMUM RATINGS* 


Power Supply Voltage, Pin 1 -0.5 to +7.0 aa 
Operating Temperature Range —40 to +85 ee 
TSTG sb Temperature dash -65 to +150 eee 


* Maximum Ratings are those values oe which Enea to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 







ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5 VDC, Ta = -40°C to +85°C) 


ee Characteristic 


Supply Current (CNTL=GND)V¢c = 3.3V 
Vcc = 5.5V 


Supply Current (CNTL=OPEN)Vcc = 3.3V 
Vcc = 5.5V 


Output Amplitude (Pin 8)Vcoc = 2.7V 
High Impedance LoadVcc = 2.7V 


Output Amplitude (Pin 8)Vcc = 5.5V 
High Impedance LoadVcc = 5.5V 


Output Amplitude (Pin 5 & 7)1Vcc = 2.7V 


502 to Vcc Voc =2.7V 


Output Amplitude (Pin 5 & 7)1Vcc¢ = 5.5V 
50QtoVcc . Vcc = 5.5V 


Frequency Stability3: ae Drift 
fstt Thermal Drift 


. CNTL pin tied to ground. 
i Actual performance depends on tank components selected. 
3. See Figure 12, 750MHz tank. 
4. T=25°C, Voc = 5V 410% 








HIPERCOMM 143 MOTOROLA 
BR1334 — REV 3 


MC12149 


OPERATIONAL CHARACTERISTICS 


A simplified schematic of the MC12149 is found in 
Figure 1. The oscillator incorporates positive feedback by 
coupling the base of transistor Q2 to the collector of transistor 
Q1. In order to minimize interaction between the VCO 
outputs and the oscillator tank transistor pair, a buffer is 
incorporated into the circuit. This differential buffer is realized 
by the Q3 and Q4 transistor pair. The differential buffer drives 
the gate which contains the primary open coilector outputs, Q 
and QB. The output is actually a current which has been set 
by an internal bias driver to a nominal current of 4mA. 
Additional circuitry is incorporated into the tail of the current 
source which allows the current source to be increased to 
approximately 10mA. This is accommodated by the addition 
of a resistor which is brought out to the CNTL pin. When this 
pin is tied to ground, the additional current is sourced through 
the current source thus increasing the output amplitude of the 
Q/QB output pair. If less than 10mA of current is needed, a 
resistor can be added to ground which reduces the amount of 
current. 


The Q/QB outputs drive an additional differential buffer 
which generate the Q2 output signal. To minimize current, the 
circuit is realized as an emitter-follower buffer with an on chip 
pull down resistor. This output is intended to drive the 
prescaler input of the PLL synthesizer block. 


APPLICATION INFORMATION 

Figure 2 illustrates the external components necessary for 
the proper operation of the VCO buffer. The tank circuit 
configuration in this figure allows the VCO to be tuned across 
the full operating voltage of the power supply. This is very 
important in 3V applications where it is desirable to utilize as 
much of the operating supply range as possible so as to 
minimize the VCO sensitivity (MHz/V). In most situations, it is 
desirable to keep the sensitivity low so the circuit will be less 


Vcc 


susceptible to external noise influences. An additional benefit 
to this configuration is that additional regulation/ filtering can 
be incorporated into the Vcc line without compromising the 
tuning range of the VCO. With the AC-coupled tank 
configuration, the Vityune voltage can be greater than the Vcc 
voltage supplied to the device. 


There are four main areas that the user directly influences 
the performance of the VCO. These include Tank Design, 
Output Termination Selection, Power Supply Decoupling, 
and Circuit Board Layout/Grounding. 


The design of the tank circuit is critical to the proper 
operation of the VCO. This tank circuit directly impacts the 
main VCO operating characteristics: 


1) Frequency of Operation 

2) Tuning Sensitivity 

3) Voltage Supply Pushing 
4) Phase Noise Performance 


The tank circuit, in its simplest form, is realized as an LC 
circuit which determines the VCO operating frequency. This 
is described in Equation 1. 


{ 
fo = —— 
anv LC 


In the practical case, the capacitor is replaced with a 
varactor diode whose capacitance changes with the voltage 
applied, thus changing the resonant frequency at which the 
VCO tank operates. The capacitive component in Equation 1 
also needs to include the input capacitance of the device and 
other circuit and parasitic elements. Typically, the inductor is 
realized as a surface mount chip or a wound-—coil. In addition, 
the lead inductance and board inductance and capacitance 
also have an impact on the final operating point. 


Equation 1 


Voc 





GND 


Figure 1. Simplified Schematic 
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MC12149 


To Prescaler 


C6a 


-—— VCO Output 


L2b 
C6b 


|——-» VCO Output 


1. This input can be left open, tied to ground, or tied with a resistor to ground, depending 
on the desired output amplitude needed at the Q and QB output pair. 
2. Typical values for R1 range from 5kQ to 10kQ. 


Figure 2. MC12149 Typical External Component Connections 


A simplified linear approximation of the device, package, 
and typical board parasitics has been developed to aid the 
designer in selecting the proper tank circuit values. All the 
parasitic contributions have been lumped into a parasitic 
capacitive component and a parasitic inductive component. 
While this is not entirely accurate, it gives the designer a solid 
starting point for selecting the tank components. 


Below are the parameters used in the model. 


Cp 
Lp 
LT 
Ci 
Cb 
CV 


The values for these components are substituted into the 
following equations: 


Parasitic Capacitance 

Parasitic Inductance 

Inductance of Coil 

Coupling Capacitor Value 

Capacitor for decoupling the Bias Pin 
Varactor Diode Capacitance (Variable) 


. C1 x CV 
Ci = Clacy Cp Equation 2 
_ Ci x Ch 
~ Gi+ Cb Equation 3 
L= Lp+LT Equation 4 


From Figure 2, it can be seen that the varactor 
capacitance (CV) is in series with the coupling capacitor 
(C1). This is calculated in Equation 2. For analysis purposes, 
the parasitic capacitances (CP) are treated as a lumped 
element and placed in parallel with the series combination of 
C1 and CV. This compound capacitance (Ci) is in series with 
the bias capacitor (Cb) which is calculated in Equation 3. The 
influences of the various capacitances; Ci, CP, and Cb, 
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impact the design by reducing the variable capacitance 
effects of the varactor which controls the tank resonant 
frequency and tuning range. 


Now the results calculated from Equation 2, Equation 3 
and Equation 4 can be substituted into Equation 1 to 
calculate the actual frequency of the tank. 


To aid in analysis, it is recommended that the designer use 
a simple spreadsheet based on Equation 1 through 
Equation 4 to calculate the frequency of operation for various 
varactor/inductor selections before determining the initial 
starting condition for the tank. 


The two main components at the heart of the tank are the 
inductor (LT) and the varactor diode (CV). The capacitance of 
a varactor diode junction changes with the amount of reverse 
bias voltage applied across the two terminals. This is the 
element which actually “tunes” the VCO. One characteristic 
of the varactor is the tuning ratio which is the ratio of the 
capacitance at specified minimum and maximum voltage 
points. For characterizing the MC12149, a Matsushita 
(Panasonic) varactor — MA393 was selected. This device has 
a typical capacitance of 11 pF at 1V and 3.7 pF at 4V and the 
C-V characteristic is fairly linear over that range. Similar 
performance was also acheived with Loral varactors. A 
multi-layer chip inductor was used to realize the LT 
component. These inductors had typical Q values in the 
35-50 range for frequencies between 500 and 1000MHz. 


Note: There are many suppliers of high performance 
varactors and inductors and Motorola can not recommend 
one vendor over another. 


The Q (quality factor) of the components in the tank circuit 
has a direct impact on the resulting phase noise of the 
oscillator. In general, the higher the Q, the lower the phase 
noise of the resulting oscillator. In addition to the LT and CV 
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components, only high quality surface-mount RF chip 
capacitors should be used in the tank circuit. These 
capacitors should have very low dielectric loss (high—Q). Ata 
minimum, the capacitors selected should be operating 100 
MHz below their series resonance point. As the desired 
frequency of operation increases, the values of the C1 and 
Cb capacitors will decrease since the series resonance point 
is a function of the capacitance value. To simplify the 
selection of C1 and Cb, a table has been constructed based 
on the intended operating frequency to provide 
recommended starting points. These may need to be altered 
depending on the value of the varactor selected. 









The value of the Cb capacitor influences the VCO supply 
pushing. To minimize pushing, the Cb capacitor should be 
kept small. Since C71 is in series with the varactor, there is a 
strong relationship between these two components which 
influences the VCO sensitivity. Increasing the value of C1 
tends to increase the sensitivity of the VCO. 


The parasitic contributions Lp and Cp are related to the 
MC12149 as well as parasitics associated with the layout, 
tank components, and board material selected. The input 
Capacitance of the device, bond pad, the wire bond, 
package/lead capacitance, wire bond inductance, lead 
inductance, printed circuit board layout, board dielectric, and 
proximity to the ground plane all have an impact on these 
parasitics. For example, if the ground plane is located directly 
below the tank components, a parasitic capacitor will be 
formed consisting of the solder pad, metal traces, board 
dielectric material, and the ground plane. The test fixture 
used for characterizing the device consisted of a two sided 
copper clad board with ground plane on the back. Nominal 
values where determined by selecting a varactor and 
characterizing the device with a number of different tank/ 
frequency combinations and then performing a curve fit with 
the data to determine values for Lp and Cp. The nominal 
values for the parasitic effects are seen below: 


Parasitic Capacitance Cp 4.2 pF 
Parasitic Inductance Lp 2.2 nH 
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These values will vary based on the users unique circuit 
board configuration. 


Basic Guidelines: 

11. Select a varactor with high Q and a reasonable 
capacitance versus voltage slope for the desired 
frequency range. 

Select the value of Cb and C1 from the table above . 
Calculate a value of inductance (L) which will result in 
achieving the desired center frequency. Note that L 
includes both LT and Lp. 

Adjust the value of C1 to achieve the proper VCO 
sensitivity. 

Re—adjust value of L to center VCO. 

Prototype VCO design using selected components. It 
is important to use similar construction techniques and 
materials, board thickness, layout, ground plane 
spacing as intended for the final product. 
Characterize tuning curve over the voltage operation 
conditions. 

Adjust, as necessary, component values — L,C1, and 
Cb to compensate for parasitic board effects. 
Evaluate over temperature and voltage limits. 
Perform worst case analysis of tank component 
variation to insure proper VCO operation over full 
temperature and voltage range and make any 
adjustments as needed. 


12. 
13. 


14. 


15. 
16. 


17. 
18. 


19. 
20. 


Outputs Q and QB are open collector outputs and need a 
inductor to VCC to provide the voltage bias to the output 
transistor. In most applications, DC—blocking capacitors are 
placed in series with the output to remove the DC component 
before interfacing to other circuitry. These outputs are 
complementary and should have identical inductor values for 
each output. This will minimize switching noise on the VCC 
supply caused by the outputs switching. It is important that 
both outputs be terminated, even if only one of the outputs is 
used in the application. 


Referring to Figure 2, the recommended value for L2a and 
L2b should be 47 nH and the inductor components 
resonance should be at least 300 MHz greater than the 
maximum operating frequency. For operation above 1100 
MHz, it may be necessary to reduce that inductor value to 33 
nH. The recommended value for the coupling capacitors 
C6a, C6b, and C7 is 47 pF. Figure 2 also includes decoupling 
capacitors for the supply line as well as decoupling for the 
output inductors. Good RF decoupling practices should be 
used with a series of capacitors starting with high quality 100 
pF chip capacitors close to the device. A typical layout is 
shown below in Figure 3. 
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The output amplitude of the Q and QB can be adjusted 
using the CNTL pin. Refering to Figure 1, if the CNTL pin is 
connected to ground, additional current will flow through the 
current source. When the pin is left open, the nominal current 
flowing through the outputs is 4 mA. When the pin is 
grounded, the current increases to a nominal value of 10 mA. 
So if a 50 ohm resistor was connected between the outputs 
and VCC, the output amplitude would change from 200 mV 
pp to 500 mV pp with an additional current drain for the 
device of 6 mA. To select a value between 4 and 10 mA, an 
external resistor can be added to ground. The equation below 
is used to caicuiate the current. 


(200 + 136 + Rext) x 0.8V 


lout(nom) = ——359-x (136 + Rew 


Figure 4 through Figure 13 illustrate typical performance 
achieved with the MC12149. The curves illustrate the tuning 
curve, supply pushing characteristics, output power, current 


Ri 
Vue = i 3 — a 
. LT 


Varactor 








MC12149 


drain, output spectrum, and phase noise performance. In 
most cases, data is present for both a 750 MHz and 1200 
MHz tank design. The table below illustrates the component 
values used in the designs. 





* The value of Cb should be reduced to minimize pushing. 


To Prescaler 


|| C7 
C6a 
TW = veo output 1 





TM = V6o output 2 
Céb 


= Via to/or Ground Plane 


RN = Via to/or Power Plane 
A 


Figure 3. MC12149 Typical Layout 
(Not to Scale) 
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Frequency of Operation (MHz) 





Tuning Voltage (V) 
Figure 4. Typical VCO Tuning Curve, 750MHz Tank 
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Figure 5. Typical Supply Pushing, 750MHz Tank 
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Output Power (dBm) 
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Figure 6. Typical Q/QB Output Power versus Supply, 750MHz Tank 
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Figure 7. Typical Current Drain versus Supply, 750MHz Tank 
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Frequency of Operation (MHz) 


Frequency of Operation (MHz) 
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Figure 8. Typical VCO Tuning Curve, 1200MHz Tank (Vcc = 5.0V) 
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Figure 9. Typical Supply Pushing, 1200MHz Tank 
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222 = +85°C 
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Figure 10. Q/QB Output Power versus Supply, 1200MHz Tank 
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Figure 12. Typical Phase Noise Piot, 750MHz Tank 
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Figure 13. Typical Phase Noise Plot, 1200MHz Tank 
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Phase-Frequency Detector 
MC12040 


The MC12040 is a phase—frequency detector intended for use in 
systems requiring zero phase and frequency difference at lock. In 
combination with a voltage controlled oscillator (such as the MC1648, 
MC12147, MC12148 or MC12149), it is useful in a broad range of 
phase-locked loop applications. Operation of this device is identical to 
that of Phase Detector #1 of the MC4044. A discussion of the theory of 
operation and applications information is given on the MC4344/4044 data 
sheet. 


PHASE-—FREQUENCY 


DETECTOR 
e Operating Frequency = 80MHz Typical 





Pinout: 14~Lead Package (Top View) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-08 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-06 





NC = No Connect 


FN SUFFIX 


LOGIC DIAGRAM 4 PLCC PACKAGE 
CASE 775-02 










O 4U (fr>fy) 
© 3 U (fR>fy) 


O 12D (fy>fp) 
O 11 D (fy>fR) 


Voc1 = Pin 1 
Veco = Pin 14 
VEE = Pin7 


TRUTH TABLE 

This is not strictly a functional truth table; i.e., it does not cover all possible 
modes of operation. However, it gives a sufficient number of tests to 
ensure that the device will function properly in all modes of operation. X = Don't Care 


X X X 
X X xX | 
X X X 
X X X 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 1 1 
0 1 1 
1 1 0 
1 1 0 
1 1 0 
1 1 0 
0 1 1 
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ELECTRICAL CHARACTERISTICS 

The MC12040 has been designed to meet the dc 
specifications shown in the test table after thermal 
equilibrium has been established. Outputs are terminated 
through a 50 ohm resistor to +3.0V for +5.0V tests and 
through a 50 ohm resistor to —2.0V for —5.2V tests. 





NOTE: For more information on using an ECL device in a 
+5V system, refer to Motorola Application Note 
AN1406/D, “Designing with PECL (ECL at +5.0V)” 





TEST VOLTAGE VALUES 


(Volts) 


Minamin | Vitamax 






@ Test Temperature 











25°C | -o.810 | -1.850 | -1.105 | -1.475 
Supply Voltage = -5.2V 75°c | -0.720 | -1.830 | -1.045 | -1.450 




















Symbol Characteristics 


le | Power Supply Drain 


INH Input Current 
Logic “1” 
Output Voltage 
Logic “O” 
Output Voltage 
Voua? 
VoLa® 


MC12040 
: TEST VOLTAGE APPLIED TO PINS BELOW 
Under 


= Ce [| we 
memes 


Vde 
i ~1.000 | -0.840 } -0.960 {| -0.810 [ -0.900 | -0.720 oo 
Vde 
-1.870 | -1.6385 | -1.850 | -1.620 | -1.830 | -1.595 






















Logic “1” 
Input Voltage 





Vdc 
—1.020 —0.980 —0.920 
f Vde 
—1.615 --1.600 -1.575 | 


@ Test Temperature 







Logic “O” 
Input Voltage 






TEST VOLTAGE VALUES 






(Volts) 


ia: [ema [ns [is [ve 
[sve [ose [sas [aso [so 


TEST VOLTAGE APPLIED TO PINS BELOW 








o°c 





25°C 











Supply Voltage = +5.0V 75°C 






MC12040 




















hte | Power Supply Drain 


Input Current 


Logic “1” 
Output Voltage 









Logic “O” 
Output Voltage 






Logic “1” 
Input Voltage 







Logic “O” 
| Input Voltage 





3 Vde 
he 3.190 3.430 3.210 3.440 3.230 3.470 
12 
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To Scope Channel A 


PRF = 5.0MHz 
Duty Cycle = 50% 
t+ = t+ = 1.5ns +0.2ns 





- t+ 
—— 4+1.1V 
Pulse % 90% 
Gen 1 50% t) 
10% 
20ns +0.3V 
t- t 
Pre este. INDIES 
Pulse sie 90% 1 Allinput and output cables to the scope are equal lengths of 50Q 
Gen2 10% eye, coaxial cable. 
aia 2 Unused input and outputs are connected to a 50Q resistor to 
t+ t++ t- t+ ground 
Output 50% sie 3 The device under test must be preconditioned before performing 
Waveform A 20% the ac tests. Preconditioning may be accomplished by applying 
tt+ pulse generator 1 for a minimum of two pulses prior to pulse gen- 





erator 2. The device must be preconditioned again when inputs to 


Output pins 6 and 9 are interchanged. The same technique applies. 


Waveform B 


Figure 1. AC Tests 


TEST VOLTAGES/WAVEFORMS 


APPLIED TO PINS LISTED 


VEE 
Output -3.00r | Vcc 
Characteristic Waveform —3.2V | +2.0V 


Propagation Delay 


Output Rise Time 


Output Fall Time 


B 
A 
A 
B 
B 
A 
A 
B 
A 
B 
B 
A 
A 
B 
B 
A 


ODODDIFODHDADINDODOOM O OD 
MAHNDODADINDODADjIODODNAHD OD O 
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APPLICATIONS INFORMATION 


The MC12040 is a logic network designed for use as a 
phase comparator for MECL—compatible input signals. It 
determines the “lead” or “lag” phase relationship and the time 
difference between the leading edges of the waveforms. 
Since these edges occur only once per cycle, the detector 
has a range of +2n radians. 


Operation of the device may be illustrated by assuming 
two waveforms, R and V (Figure 2), of the same frequency 
but differing in phase. If the logic had established by past 
history that R was leading V, the U output of the detector (pin 
4) would produce a positive pulse width equal to the phase 
difference and the D output (pin 11 ) would simply remain low. 


On the other hand, it is also possible that V was leading R 
(Figure 2), giving rise to a positive pulse on the D output and 
a constant low level on the U output pin. Both outputs for the 
sample condition are valid since the determination of lead or 
lag is dependent on past edge crossing and initial conditions 
at start-up. A stable phase-locked loop will result from either 
condition. 


Phase error information is contained in the output duty 
cycle—that is, the ratio of the output pulse width to total 
period. By integrating or low-pass filtering the outputs of the 
detector and shifting the level to accommodate ECL swings, 
usable analog information for the voltage controlled oscillator 
can be developed. A circuit useful for this function is shown in 
Figure 3. 





Proper level shifting is accomplished by differentially 
driving the operational amplifier from the normally high 
outputs of the phase detector (U and D). Using this technique 
the quiescent differential voltage to the operational amplifier 
is zero (assuming matched “1” levels from the phase 
detector). The U and D outputs are then used to pass along 
phase information to the operational amplifier. Phase error 
summing is accomplished through resistors R1 connected to 
the inputs of the operational amplifier. Some R-—C filtering 
imbedded within the input network (Figure 3) may be very 
beneficial since the very narrow corréctional pulses of the 
MC12040 would not normally be integrated by the amplifier. 
General design guides for calculating R1, R2, and C are 
included in the MC4044 data sheet. Phase detector gain for 
this configuration is approximately 0.16 volts/radian. 


System phase error stems from input offset voltage in the 
operational amplifier, mismatching of nominally equal 
resistors, and mismatching of phase detector “high” states 
between the outputs used for threshold setting and phase 
measuring. All these effects are reflected in the gain 
constant. For example, a 16mvV offset voltage in the amplifier 
would cause an error of 0.016/ 0.16 = 0.1 radian or 5.7 
degrees of error. Phase error can be trimmed to zero initially 
by trimming either input offset or one of the threshold 
resistors (R1 in Figure 3). Phase error over temperature 
depends on how much the offending parameters drift. 





To 
VCO 
—_ [s— Lead 
R Leads V 
(D Output="0") | | | | | | 
(D Output="0”) Lag —> 
Figure 2. Timing Diagram Figure 3. Typical Filter and Summing Network 
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Phase-Frequency Detector MCHi2140 
The MCH/K12140 is a phase frequency-detector intended for MCKi1 21 40 


phase-locked loop applications which require a minimum amount of 
phase and frequency difference at lock. When used in conjunction with 
the MC12147, MC12148 or MC12149 VCO, a high bandwidth PLL can be 
realized. The device is functionally compatible with the MC12040 
phase-frequency detector, however the MOSAIC™ Ili process is used to 
push the maximum frequency to 800MHz and significantly reduce the 
dead zone of the detector. When the Reference (R) and VCO (V) inputs PHASE-FREQUENCY 
are unequal in frequency and/or phase, the differential UP (U) and DOWN DETECTOR 

(D) outputs will provide pulse streams which when subtracted and 
integrated provide an error voltage for control of a VCO. 


The device is packaged in a small outline, surface mount 8-lead SOIC 
package. There are two versions of the device to provide I/O compatibility 
to the two existing ECL standards. The MCH12140 is compatible with 
MECL10H™ logic levels while the MCK12140 is compatible to 100K ECL 
logic levels. This device can also be used in +5V systems. Please refer to 
Motorola Application Note AN1406/D, “Designing with PECL (ECL at 
+5.0V)” for more information. 





800MHz Typical Bandwidth 

Small Outline 8-Lead SOIC Package 

e 75kQ Internal Input Pulldown Resistors 
>1000V ESD Protection D SUFFIX 


e 
PLASTIC SOIC PACKAGE 
For proper operation, the input edge rate of the R and V inputs should CASE 751-05 


be Jess than 5ns. 


Pinout: 8-Lead SOIC (Top View) 
Vcc R V VEE 






1 
0 
1 
0 
1 | 
1 
1 
* This is not strictly a functional table; i.e., it does not cover ail possible modes of operation. However, it gives a sufficient number of tests to ensure 


that the device will function properly. 


MOSAIC III and MECL 10H are trademarks of Motorola 
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MCH12140 MCK12140 


LOGIC DIAGRAM 


U (fR > fV) 
U (R> fv) 


D (iV >A) 
D (fV > fR) 


Characteristic | Min | 


win [wax [win [wax [win [wor | win | tox 
Ti [inpaow verge | 1050 | sto | ~ioso_[ 00 | re50 | —v400 | oso [vas [mv 
Tu [inpatow caret] 08 | — | os [| — [os | — [a0 | — [oa 


1. 10H circuits are designed to meet the DC specifications shown in the table after thermal equilibrium has been established. The circuit is ina 
test socket or mounted on a printed circuit board and transverse airflow greater than 500Ifpm is maintained. Outputs are terminated through 
a 50 resistor to -2.0V except where otherwise specified on the individual data sheets. 


K-SERIES DC CHARACTERISTICS (Veg = VeEE(min) — Ver(max); Voc = GND?) 


Characteristic | Typ | Max | Condition 


vn = Vivo 
vii 
Towa [Oupuricrvorase | 100s | — | — [wos f — | — [mv 
Tota _[Oupatowvotwge «| — | — [es] — | — 
vin [ow iGH votege | vee | — | eo | ves | — | -e00 | ww 
ae =e 

= raw 

































a a 


1. This table replaces the three tables traditionally seen in ECL 100K data books. The same DC parameter values at VEE =—4.5V now apply across 
the full VEE range of —-4.2V to—5.5V. Outputs are terminated through a 50Q resistor to -2.0V except where otherwise specified on the individual 
data sheets. 


ABSOLUTE MAXIMUM RATINGS1 


Output Current Continuous lout 50 mA 
Surge 100 
Operating Temperature Range —40 to +70 
Operating Range1,2 —5.7 to ~4.2 


1. Absolute maximum rating, beyond which, device life may be impaired, unless otherwise specified on an individual data sheet. 
2. Parametric values specified at: | H—-Series:—4.20V to —5.50V 
K—Series: —4.94V to —5.50V 
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MCH12140 MCK12140 


DC CHARACTERISTICS (Veg = VEE(min) — VEE(max); Voc = GND) 


VEE 
NH 


Power Supply Current H 
K 

| Power Supply Voltage H 
K } 


| Input HIGH Current Reo 150 


—5.5 | —4.75 | -5.2 
—5.5 | —4.20 5 


—4. 





AC CHARACTERISTICS (VEE = VEE(min) — VEE(max); Voc = GND) 


o°c 


[oe ee dee 
hiasil —Saueiinig . caateue namie aac rasta 


| R to D 
RtoU 


VtoD 
VtoU 


Propagation Delay 
| to Output 


tPLH 


| tPHL 


FFuax [Maximum oagerewerer | [ooo | [ee ooo] [ee [ooo | eso | aw 





APPLICATIONS INFORMATION 


The 12140 is a high speed digital circuit used as a phase 
comparator in an analog phase-locked loop. The device 
determines the “lead” or “lag” phase relationship and time 
difference between the leading edges of a VCO (V) signal 
and a Reference (R) input. Since these edges occur only 
once per cycle, the detector has a range of +27 radians. 


The operation of the 12140 can best be described using 
the plots of Figure 1. Figure 1 plots the average value of U, D 
and the difference between U and D versus the phase 
difference between the V and R inputs. 


There are four potential relationships between V and R: R 
lags or leads V and the frequency of R is less than or greater 
than the frequency of V. Under these four conditions the 
12140 will function as follows: 


Fy > Fr R lags V R leads V Fv <Fr 











a+ 


27 2 


-2T 


ol 

















Figure 1. Average Output Voltage versus 
Phase Difference 
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R lags V in phase 


When the R and V inputs are equal in frequency and the 
phase of R lags that of V the U output will stay HIGH while the 
D output will pulse from HIGH to LOW. The magnitude of the 
pulse will be proportional to the phase difference between the 
V and R inputs reaching a minimum 50% duty cycle under a 
180° out of phase condition. The signal on D indicates to the 
VCO to decrease in frequency to bring the loop into lock. 


V frequency > R frequency 


When the frequency of V is greater than that of R the 
12140 behaves in a simlar fashion as above. Again the signal 
on D indicates that the VCO frequency must be decreased to 
bring the loop into lock. 


R leads V in phase 


When the R and V inputs are equal in frequency and the 
phase of R leads that of V the D output will stay HIGH while 
the U output pulses from HIGH to LOW. The magnitude of the 
pulse will be proportional to the phase difference between the 
V and R inputs reaching a minimum 50% duty cycle under a 
180° out of phase condition. The signal on U indicates to the 
VCO io increase in frequency to bring the loop into lock. 


V frequency < R frequency 


When the frequency of V is less than that of R the 12140 
behaves in a simlar fashion as above. Again the signal on U 
indicates that the VCO frequency must be decreased to bring 
the loop into lock. 


From Figure 1 when V and R are at the same frequency 
and in phase the value of U — D is zero thus providing a zero 
error voltage to the VCO. This situation indicates the loop is 
in lock and the 12140 action will maintain the loop ‘in its 
locked state. . 
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Serial Input PLL Frequency 
Synthesizer 


The MC 12202 is a 1.1GHz Bipolar monolithic serial input phase locked 
loop (PLL) synthesizer with pulse—swallow function. It is designed to 
provide the high frequency local oscillator signal of an RF transceiver in 
handheld communication applications. 

Motorola’s advanced Bipolar MOSAIC™ V technology is utilized for 
low power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over 2.7 to 5.5V supply range for input frequencies 
up to 1.1GHz with a typical current drain of 6.5mA. The low power 
consumption makes the MC12202 ideal for handheld battery operated 
applications such as cellular or cordless telephones, wireless LAN or 
personal communication services. A dual modulus prescaler is integrated 
to provide either a 64/65 or 128/129 divide ratio. 

For additional applications information, two /nterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 


e Low Power Supply Current of 5.8mA Typical for loc and 0.7mA Typical 
for Ip 


e Supply Voltage of 2.7 to 5.5V 


e Dual Modulus Prescaler With Selectable Divide Ratios of 64/65 or 
128/129 


e On-Chip Reference Oscillator/Buffer 


e Programmable Reference Divider Consisting of a Binary 14—Bit 
Programmable Reference Counter 


e Programmable Divider Consisting of a Binary 7—Bit Swallow Counter 
and an 11—Bit Programmable Counter 


e Phase/Frequency Detector With Phase Conversion Function 
e Balanced Charge Pump Outputs 


e Dual Internal Charge Pumps for Bypassing the First Stage of the Loop 
Filter to Decrease Lock Time 


e Outputs for External Charge Pump 

e Operating Temperature Range of —40°C to +85°C 

e Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 

e The MC12202 Is Pin Compatible With the Fujitsu MB1502 or MB1511 


MAXIMUM RATINGS* 






Storage Temperature Range 


* Maximum Ratings are those values beyond which damage to the device may occur. 


Recommended Operating Conditions. 
MOSAIC V and InterActiveApNote are trademarks of Motorola, Inc. 


1/96 





© Motorola, Inc. 1996 162 


Power Supply Voltage, Pin 4 (Pin 5 in 20-lead package) 
Power Supply Voltage, Pin 3 (Pin 4 in 20-lead package) Vcc to +6.0 
—65 to +150 


Functional operation should be restricted to the 


—0.5 to +6.0 


MECL PLL COMPONENTS 


Serial Input PLL 
Frequency Synthesizer 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751B-05 


M SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 966-01 


20 


AGS 
1 
DT SUFFIX 


PLASTIC TSSOP PACKAGE 
CASE 948E-02 
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MC12202 


oR oP four BISW FC LE DATA CLK 


i 


CASE 751B 
ACTUAL SIZE 


OA Ai fA 
OSCin OSCout Vp Voc Do GND LD tN aa 





CASE 966 
oR NC oP foyt BISW FC LE DATA NC CLK ACTUAL SIZE 


"ae 


CASE 948E 
ACTUAL SIZE 





OSCin NC OSCout Vp Voo Do GND LD NC fin 


PIN NAMES 


Vp 












16-—Lead Pkg | 20—Lead Pkg 

0 Pin No Pin No. 

Oscillator input. A crystal is connected between OSCin and OSCout. An external 

source can be AC coupled into this input 

Oscillator output. Pin should be left open if external source is used ae re 

Power supply for charge pumps (Vp should be greater than or equal to Vcc) Vp 

provides power to the Do, BISW and oP outputs 

Power supply voltage input. Bypass capacitors should be placed as close as 

possible to this pin and be connected directly to the ground plane. 

internal charge pump output. Do remains on at all times Loe 4 
feond ST CSCSCOCOCOCOCCSYS 

Lock detect, phase comparator output De hs al 

Prescaler input. The VCO signal is AC—coupled into this pin a a ae ee 

Clock input. Rising edge of the clock shifts data into the shift registers p 9 

Binary serial data input Dae og 


1 
2 
3 
4 
5 
7 
10 
12 
13 
14 
15 
16 


— oe 













Load enable input (with internal pull up resistor). When LE is HIGH or OPEN, data 
stored in the shift register is transferred into the appropriate latch (depending on 
the level of control bit). Also, when LE is HIGH or OPEN, the output of the second 
internal charge pump is connected to the BISW pin 









Phase control select (with internal pull up resistor). When FC is LOW, the 
characteristics of the phase comparator and charge pump are reversed. FC also 
selects fp or fr on the foyuT pin 








Analog switch output. When LE is HIGH or OPEN (“analog switch is ON”) the 
output of the second charge pump is connected to the BISW pin. When LE is LOW, 
BISW is high impedance 






Phase comparator input signal. When FC is HIGH, foyT=fr, programmable 
reference divider output; when FC is LOW, fouT=fp, programmable divider output 


Output for external charge pump. Standard CMOS output level 
Output for external charge pump. Standard CMOS output level 
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15-BIT SHIFT REGISTER 
15-BIT LATCH 









14~BIT REFERENCE COUNTER 


| | ~~ 18-BIT SHIFT REGISTER 


7-BIT 
LATCH 11-BIT LATCH 


7-BIT 
SWALLOW } 
A-COUNTER 








= CONTROL 
BIT 
DATA 


fiN PRESCALER 
64/65 or 128/129 


OSCin CRYSTAL 
OSCout OSCILLATOR all 
aa 
wee 
a 
















N-COUNTER 


CONTROL LOGIC 


Figure 1. MC12202 Block Diagram 
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DETECTOR 


lige PUMP 1 


La CHARGE BISW 


DIVIDER 
OUTPUT MUX 


LD 


P 


& 


Do 
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ae 
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DATA ENTRY FORMAT 


The three wire interface of DATA pin, CLK (clock) pin and LE (load enable) pin controls the serial data input of the 14-bit 
programmable reference divider plus the prescaler setting bit, and the 18—bit programmable divider. A rising edge of the clock 
shifts one bit of serial data into the internal shift registers. Depending upon the level of the control bit, stored data is transferred 
into the latch when load enable pin is HIGH or OPEN. 


Control bit: “H” = data is transferred into 15—bit latch of programmable reference divider 
“L” = data is transferred into 18—bit latch of programmable divider 


PROGRAMMABLE REFERENCE DIVIDER 


16-bit serial data format for the programmable reference counter, “R—counter’, and prescaler select bit (SW) is shown below. If 
the control bit is HIGH, data is transferred from the 15-bit shift register into the 15-bit latch which specifies the R divide ratio (8 to 
16383) and the prescaler divide ratio (SW=0 for +128/129, SW=1 for +64/65). An R divide ratio less than 8 is prohibited. 


For Control bit (C) = HIGH: 


SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 


| - ' | 





SETTING BITS FOR DIVIDE RATIO OF PROGRAMMABLE 
REFERENCE COUNTER (R-COUNTER) 


DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 


| 





PRESCALER SELECT BIT 


Prescaler Divide Ratio P 
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PROGRAMMABLE DIVIDER 


19-bit serial data format for the programmable divider is shown below. If the control bit is LOW, data is transferred from the 18-bit 
shift register into the 18-bit latch which specifies the swallow A—counter divide ratio (0 to 127) and the programmable N—counter 
divide ratio (16 to 2047). An N—counter divide ratio less than 16 is prohibited. 


For Control bit (C) = LOW: 
MSB (FIRST BIT) CONTROL BIT (LAST BIT) 


= | 





SETTING BITS FOR SETTING BITS FOR 
Pp DIVIDE RATIO OF +. DIVIDE RATIO OF — 
PROGRAMMABLE N-COUNTER SWALLOW A-COUNTER 
DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 


Divide N } Divide 
Ratio N 18 | Ratio A 


re{7 f+ [efefelololole| 
ae Rees eee eee 
1 





DIVIDE RATIO SETTING 
fvco = [(PeN)+A]efosc + R with A<N 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11—bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7—bit swallow counter (0 to 127, A<N) 
fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14—bit programmable reference counter (8 to 16383) 
P, Preset mode of dual modulus prescaler (64 or 128) 


poms | smite 
DATA N18:MSB . N17 N8 A7 Al C = CONTROL BIT (LAST BIT) 


(SW:MSB) | (R14) (R7) : (R6) (R1)  (C=CONTROL BIT (LAST BIT)) 





LE 
ba Pastel i eis ea 
—> [s(D) —> 0) — tw | —™ ye 'ew 
NOTES:Programmable reference divider data shown in parenthesis. Data shifted into register on rising edge of CLK. 
t,(D) = Setup Time DATA to CLK ts(D) = 10ns 
th(D) = Hold Time DATA to CLK t,(D) => 20ns 
tcw = CLK Pulse Width tcw 2 30ns 
tew = LE Pulse Width tEw = 20ns 
ts(C->LE) = Setup Time CLK to LE ts(C-LE) = 30ns 
Figure 2. Serial Data Input Timing 
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PHASE CHARACTERISTICS/VCO CHARACTERISTICS 


The phase comparator in the MC12202 is a high speed digital phase frequency detector circuit. The circuit determines the “lead” 
or “lag” phase relationship and time difference between the leading edges of the VCO (fp) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of +2x radians. The phase comparator outputs are 
standard CMOS rail-to-rail levels (Vp to GND for oP and Vcc to GND for oR), designed for up to 2OMHz operation into a 15pF 
load. These phase comparator outputs can be used along with an external charge pump to enhance the PLL characteristics. 


The operation of the phase comparator is shown in Figures 3 and 5. The phase characteristics of the phase comparator are 
controlled by the FC pin. The polarity of the phase comparator outputs, oR and oP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 


H 
L 
H 
ee i cee i. a een oe 
L 
H 
LD | | | | | | | ; 
Source 
Do (FC =H) | LJ |—___ ->_______|__ : 
BISW (LE = H or Open) Sink 
H 
oR (FC =H) | | | | | 
H 
oP (FC =H) | | | | | | 
L 
Source 
BISW (LE = H or Open) Sink 
H 
oR (FC =L) | | | | | | 
L 
H 
oP (FC =L) | | | | | 
L 


NOTES: Do and BISW are current outputs. 
Phase difference detection range: -27 to +27 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr > fp or fr < fp, spike might not appear depending upon charge pump characteristics. 


lsource + Isink |} _ 4mA 


Internal Ch P ain = 
nterna arge Pump Gai a re 


Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 
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For FC = HIGH: 
fr lags fp in phase OR fp>fr in frequency 


When the phase of fr lags that of fp or the frequency of fp is greater than fr, the oP output will remain in a HIGH state while the oR 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oR indicates to the VCO to decrease in frequency to bring the loop into lock. 3 


fr leads fp in phase OR fp<fr in frequency 


When the phase of fr leads that of fp or the frequency of fp is less than fr, the oR output will remain in a LOW state while the oP 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oP indicates to the VCO to increase in frequency to bring the loop to lock. 


fr = fp in phase and frequency 


When the phase and frequency of fr and fp are equal, the output oP will remain in a HIGH state and oR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 


When FC = LOW, the operation of the phase comparator is reversed from the above explanation. 


For FC = LOW: 
fr lags fp in phase OR fp>fr in frequency 


When the phase of fr lags that of fp or the frequency of fp is greater than fr, the oR output will remain in a LOW state while the oP 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oP indicates to the VCO to increase in frequency to bring the loop into lock. 


fr leads fp in phase OR fp<fr in frequency 


When the phase of fr leads that of fp or the frequency of fp is less than fr, the 6P output will remain in a HIGH state while the oR 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oR indicates to the VCO to decrease in frequency to bring the loop to lock. 


fr = fp in phase and frequency 


When the phase and frequency of fr and fp are equal, the output oP will remain in a HIGH state and oR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 


The FC pin controls not only the phase characteristics, but also controls the fouT test pin. The FC pin permits the user to monitor 
either of the phase comparator input signals, fr or fp, at the foy7T output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When FC is HIGH, fou = fr, the programmable reference divider output. 
When FC is LOW, fouT = fp, the programmable divider output. 








Hence, 
If VCO characteristics are like (1), FC should be set HIGH or OPEN. four = fr 
lf VCO characteristics are like (2), FC should be set LOW. fouUT = fp 
> 
© 
= 
Lu 
> 
S 
Lu 
oc 
LL 
oe . 
a 
— 
— 
fo) 
Q 
2 NOTE: Z = High impedance 
When LE is HIGH or Open, BISW has the same characteristics 
as Do. 
VCO INPUT VOLTAGE 
Figure 5. Phase Comparator, Internal Charge Pump, and 
Figure 4. VCO Characteristics fouT Characteristics 
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oP 
PHASE 
FREQUENCY 
DETECTOR 
fp 
oR 
LD 





iASE COMPARATO et 
CHARGE 


CHARGE 


Figure 6. Detailed Phase Comparator Block Diagram 


LE 


LOCK DETECT 


The Lock Detect (LD) output pin provides a LOW puise when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LD is designed to be the logical NORing of the phase frequency detector’s outputs UP and DOWN. See Figure 6. In typical 
applications the output signal drives external circuitry which provides a steady LOW signal when the loop is locked. See Figure 9. 


OSCILLATOR INPUT 


The device incorporates an on—chip reference oscillator/buffer so that an external paralleli-resonant fundamental crystal can be 
connected between OSCin and OSCout. External capacitor C1 and C2 as shown in Figure 10 are required to set the proper 
crystal load capacitance and oscillator frequency. The values of the capacitors are dependent on the crystal chosen (up to a 
maximum of 30 pF each including parasitic and stray capacitance). 


lf an external reference oscillator is available, the signal should be AC—coupied to the OSCin pin through a coupling capacitor. In 
this case, no connection to OSCout is required. The magnitude of the AC—coupled signal must be between 500 and 2200 mV 
peak—to—peak. 


DUAL INTERNAL CHARGE PUMPS (“ANALOG SWITCH”) 


Due to the pure Bipolar nature of the MC12202 design, the “analog switch” function is implemented with dual internal charge 
pumps. The loop filter time constant can be decreased by bypassing the first stage of the loop filter with the charge pump output 
BISW as shown in Figure 7 below. This enables the VCO to lock in a shorter amount of time. 


When LE is HIGH or OPEN (“analog switch is ON”), the output of the second internal charge pump is connected to the BISW pin, 
and the Do output is ON. The charge pump 2 output on BISW is essentially equal to the charge pump 7 output on Do. When LE is 
LOW, BISW is in a high impedance state and Do output is active. 







CHARGE 
PUMP 2 





Figure 7. “Analog Switch” Block Diagram 
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ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Ta = —40 to +85°C) 





Symbol 






Supply Current for Vp 


Icc 
IN Operating Frequency 


F finmax 


fi_min 


Fosc 


V 


O 
xe) 
@ 
= 
$e) 
Lins 
3S 
Ko} 
Tn 
= 
oO 
2 
Cc 
Oo 
=} 
Q 
< 
— 
O 
” 
Q 
=} 
~~ 


eed 

oO 
ole 5/8 
A 


IN 
Vosc 
VIH 

L 


=: 
xo) 
= 
ip) 
@ 
5S 
Q. 
<= 
< 

O 

n” 

QO = 

5 a 


b] ’ 
? 


V 


Input HIGH Current (DATA and CLK) 
Input LOW Current (DATA and CLK) 


Input Current (OSCin) 







losc 


| 
NH 
NL 
NH 
NL 


Input LOW Current (LE and FC) 


Charge Pump Output Current. 


ISource 
| Isink® 
IHi-Z 


Do and BISW 


VOH 
VOL 


Output LOW Voltage (LD, oR, oP, fouT) 


lou Output HIGH Current (LD, oR, oP, foyT) 


lIOL Output LOW Current (LD, oR, oP, fouT) 
1. Voc = 3.3V, all outputs open. 

2. Vcc = 5.5V, all outputs open. 

3. Vp = 3.3V, all outputs open. 











~ EXTERNAL CHARGE 
PUMP OUTPUT 





Figure 8. Typical External Charge Pump Circuit 
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Output HIGH Voltage (LD, oR, oP, fOUT) 





Crystal Mode 
External Reference Mode 
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N 
wok fk 
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1000 
2200 


mVp_p 


mVp_ 







0.3VCC 
2.0 


Vcc = 5.5V 


Vcc = 5.5V 
Vcc = 5.5V 


OSCin=Vcc 
OSCin = Vcc — 2.2V 


VDo = Vp/2; Vp = 2.7V 
VBISW = Vp/2; Vp = 2.7V 
0.5 < VBisw < Vp-0.5 


Voc = 3.0V 


vy 


Oo 


A 
A 
Hz 
Hz 
Hz 
P 
V 
V 
LA 
LA 
A 
LA 
LA 


m 






+15 nA 


Vcc = §.0V 
Vcc = 3.0V 


m 


o|9° 
pT A 


A 
A 





m 


4. Vp = 6.0V, all outputs open. 
5. AC coupling, Fjjy measured with a 1000pF capacitor. 
6. Source current flows out of the pin and sink current flows into the pin. 


Voc 


LOCK DETECT 
OUTPUT 





Figure 9. Typical Lock Detect Circuit 
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LOW PASS 
FILTER 
(SEE FIGURE 11) 














EXTERNAL | 
CHARGE PUMP 
(SEE FIGURE 8) 





OSCout 





CHARGE PUMP SELECTION 
(INTERNAL OR EXTERNAL) 





Vp 












100pF 0.1pF 
CC L oe 
ae ae, 4 
Vcc 
100pF 0.1F 
a a6 MC12202 





LOCK DETECT 
LOCK 7 
peTecT O-] __CIRCUIT ) O FROM 

(SEE FIGURE 9)  ATKQ CONTROLLER 








8 | 


1000pF 






C1, C2: Dependent on Crystal Oscillator 


Figure 10. Typical Appiications Example (16—Pin Package) 





BISW 
Do OR EXTERNAL 
CHARGE PUMP se 
R 
L 2 
Figure 11. Typical Loop Filter 
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Serial Input PLL Frequency 
Synthesizer 


The MC12206 is a 2.0GHz Bipolar monolithic serial input phase locked 
loop (PLL) synthesizer with pulse—swallow function. It is designed to 


provide the high frequency local oscillator signal of an RF transceiver in 
handheld communication applications. MECL PLL COMPONENTS 


Motorola’s advanced Bipolar MOSAIC™ V technology is utilized for 
low power operation at a minimum supply voltage of 2.7V. The device is Serial Input PLL 


Frequency Synthesizer 


designed for operation over 2.7 to 5.5V supply range for input frequencies 
up to 2.0GHz with a typical current drain of 7.4mA. The low power 
consumption makes the MC12206 ideal for handheld battery operated 
applications such as cellular or cordless telephones, wireless LAN or 
personal communication services. A dual modulus prescaler is integrated 
to provide either a 64/65 or 128/129 divide ratio. 

For additional applications information, two InterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 


e Low Power Supply Current of 6.7mA Typical for |cc and 0.7mA Typical D SUFFIX 
for Ip PLASTIC SOIC PACKAGE 


CASE 751B-—05 
e Supply Voltage of 2.7 to 5.5V 


e Dual Modulus Prescaler With Selectable Divide Ratios of 64/65 or 
128/129 


e On-Chip Reference Oscillator/Buffer 


e Programmable Reference Divider Consisting of a Binary 14-Bit 
Programmable Reference Counter 


e Programmable Divider Consisting of a Binary 7—Bit Swallow Counter DT SUFFIX 
and an 11—Bit Programmable Counter PLASTIC TSSOP PACKAGE 


e Phase/Frequency Detector With Phase Conversion Function CASE 948E-03 
e Balanced Charge Pump Outputs 


e Dual Internal Charge Pumps for Bypassing the First Stage of the Loop 
Filter to Decrease Lock Time 





e Outputs for External Charge Pump 
e Operating Temperature Range of —40°C to +85°C 
e Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 


MAXIMUM RATINGS* 


Vcc Power Supply Voltage, Pin 4 (Pin 5 in 20—lead package) —0.5 to +6.0 VDC 
Power Supply Voltage, Pin 3 (Pin 4 in 20—lead package) Vcc to +6.0 VDC 


Storage Temperature Range —65 to +150 


* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 









MOSAIC V and /nterActiveApNote are trademarks of Motorola, Inc. 
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oR oP four BISW FC LE DATA CLK 





CASE 751B 
ACTUAL SIZE 





OSCin OSCout Vp Vc¢ Do GND LD - fiy 


oR NC @P foyt BISW FC LE DATA NC CLK 


CASE 948E 
ACTUAL SIZE 





OSCin NC OSCout Vp Vcc Do GND LD UC - fin 


PIN NAMES 









/O 


16-Lead Pkg | 20-Lead Pkg 
Pin No. Pin No. 


1 
3 
4 
5 
7 


Oscillator input. A crystal is connected between OSCin and OSCout. An external 1 
source can be AC coupled into this input 
Oscillator output. Pin should be left open if external source is used 2 


Power supply for charge pumps (Vp should be greater than or equal to Vcc) Vp 3 
provides power to the Do, BISW and oP outputs 


Power supply voltage input. Bypass capacitors should be placed as close as 4 
possible to this pin and be connected directly to the ground plane 





GND 


CLK 





7 


rs 
F 


Internal charge pump output. Do remains on at all times 5 


0 
11 


Binary serial data input 





Load enable input (with internal pull up resistor). When LE is HIGH or OPEN, data 
stored in the shift register is transferred into the appropriate latch (depending on 
the level of control bit). Also, when LE is HIGH or OPEN, the output of the second 
internal charge pump is connected to the BISW pin 







Phase control select (with internal pull up resistor). When FC is LOW, the 
characteristics of the phase comparator and charge pump are reversed. FC also 
selects fp or fr on the foyT pin 








ies) 
Oo 


Analog switch output. When LE is HIGH or OPEN (“analog switch is ON”) the 
output of the second charge pump is connected to the BISW pin. When LE is LOW, 
BISW is high impedance 






BB 
N 


Phase comparator input signal. When FC is HIGH, foyT=fr, programmable 





reference divider output; when FC is LOW, fouT=fp, programmable divider output 


Output for external charge pump. Standard CMOS output level 15 


Output for external charge pump. Standard CMOS output level 16 


— _ — ae os 

Nh +}, Oo 

a — _ = af o 
(ee) ol = | © 





2,9, 12, 19 





No connect 
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15-BIT SHIFT REGISTER 
15-BIT LATCH 








fr LD 


PHASE/FREQUENCY oP 
ie DETECTOR oR 
CHARGE 


7 CHARGE 
PUMP 2 BISW 
2 DIVIDER 
| OUTPUT MUX OUT 


14-BIT REFERENCE COUNTER 


OSCin CRYSTAL 
OSCout —4 OSCILLATOR 


FC | 
2 
LE 


| CONTROL othe 


BIT 
a Pec - 18-BIT SHIFT REGISTER 


7-BIT 
LATCH 11~BIT LATCH 


7-BIT 11-BIT 
SWALLOW {| PROGRAMMABLE 
A-COUNTER || N-COUNTER 








DATA 
f\ 








CLK 


fIN | PRESCALER 
64/65 or 128/129 





CONTROL LOGIC 


Figure 1. MC12206 Block Diagram 





MOTOROLA 174 HIPERCOMM 
, BR1334 — REV 3 


MC12206 


DATA ENTRY FORMAT 


The three wire interface of DATA pin, CLK (clock) pin and LE (load enable) pin controls the serial data input of the 14-bit 
programmable reference divider plus the prescaler setting bit, and the 18—bit programmable divider. A rising edge of the clock 
shifts one bit of serial data into the internal shift registers. Depending upon the level of the control bit, stored data is transferred 
into the latch when load enable pin is HIGH or OPEN. 


Control bit: “H” = data is transferred into 15-bit latch of programmable reference divider 
“L” = data is transferred into 18-bit latch of programmable divider 


PROGRAMMABLE REFERENCE DIVIDER 


16-bit serial data format for the programmable reference counter, “R—counter’, and prescaler select bit (SW) is shown below. If 
the control bit is HIGH, data is transferred from the 15-bit shift register into the 15-bit latch which specifies the R divide ratio (8 to 
16383) and the prescaler divide ratio (SW=0 for +128/129, SW=1 for +64/65). An R divide ratio less than 8 is prohibited. 


For Control bit (C) = HIGH: 


SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 


| | | | 





SETTING BITS FOR DIVIDE RATIO OF PROGRAMMABLE 
REFERENCE COUNTER (R-COUNTER) 


DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 





PRESCALER SELECT BIT 


Prescaler Divide Ratio P SW 
128/129 
64/65 1 
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PROGRAMMABLE DIVIDER 

19-bit serial data format for the programmable divider is shown below. If the control bit is LOW, data is transferred from the 18-bit 
shift register into the 18—bit latch which specifies the swallow A—counter divide ratio (0 to 127) and the programmable N—counter 
divide ratio (16 to 2047). An N—counter divide ratio less than 16 is prohibited. 

For Control bit (C) = LOW: 


MSB (FIRST BIT) CONTROL BIT (LAST BIT) 


| 1 | 





SETTING BITS FOR SETTING BITS FOR 
DIVIDE RATIO OF DIVIDERATIOOF —-—— 
PROGRAMMABLE N-COUNTER SWALLOW A-COUNTER 


DIVIDE ae OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 


Divide 
Ratio A 





DIVIDE RATIO SETTING 


fvco = [(PeN)+Al]efosc + R with A<N 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7—bit swallow counter (0 to 127, A<N) 
fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14—bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (64 or 128) 


DATA N18:MSB | N17 N8 | A7 Al X C=CONTROL BIT (LAST BIT) 








(SW:MSB) | (R14) (R7) | _ (R6) (R1) (C = CONTROL BIT (LAST BIT)) 

| | 

| | 

, | | | | | | 

LE 
foal eee Th oiiee ee 
—> [s(D) <—— —> HD) — ‘cw {| —™ me lew 
NOTES:Programmable reference divider data shown in parenthesis. Data shifted into register on rising edge of CLK. 
t,(D) = Setup Time DATA to CLK ts(D) = 10ns 
th(D) = Hold Time DATA to CLK t,(D) = 20ns 
tcw = CLK Pulse Width tow 2 30ns 
teyw = LE Pulse Width tew 2 20ns 
ts(C-—>LE) = Setup Time CLK to LE ts(C-»LE) = 30ns 
Figure 2. Serial Data Input Timing 
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PHASE CHARACTERISTICS/VCO CHARACTERISTICS 


The phase comparator in the MC12206 is a high speed digital phase frequency detector circuit. The circuit determines the “lead” 
or “lag” phase relationship and time difference between the leading edges of the VCO (fp) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of +2x radians. The phase comparator outputs are 
standard CMOS rail-to-rail levels (Vp to GND for oP and Vcc to GND for oR), designed for up to 20MHz operation into a 15pF 
load. These phase comparator outputs can be used along with an external charge pump to enhance the PLL characteristics. 


The operation of the phase comparator is shown in Figures 3 and 5. The phase characteristics of the phase comparator are 
controlled by the FC pin. The polarity of the phase comparator outputs, oR and oP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 


H 
L 
H 
a GG 
L 
H 
L 
Source 
Do (FC = H) = OF OL __|— Z 
BISW (LE = H or Open) Sink 
H 
oR (FC =H) | | | | | 
L 
ce aa eer ae ee H 
oP (FC =H) | | | | | | 
L 
Source 
Do (FC = L) —__——_ ———{ -~——_ -—_____|—_ Z 
BISW (LE = H or Open) Sink 
H 
oR (FC =L) | | | | | | 
L 
—~ H 
oP (FC =L) | | | | | 
L 


NOTES: Do and BISW are current outputs. 
Phase difference detection range: -27 to +27 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr > fp or fr < fp, spike might not appear depending upon charge pump characteristics. 


lsource + Isink | _ 4mA 


Internal Charge Pump Gain =~ 
Pe ee An Ax 


Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 
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For FC = HIGH: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the oP output will remain in a HIGH state while the oR 


output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oR indicates to the VCO to decrease in frequency to bring the loop into lock. 


fr leads fp in phase OR fp<fr in frequency 


When the phase of fr leads that of fp or the frequency of fp is less than fr, the oR output will remain in a LOW state while the oP 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oP indicates to the VCO to increase in frequency to bring the loop to lock. 


fr = fp in phase and frequency 


When the phase and frequency of fr and fp are equal, the output oP will remain in a HIGH state and oR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 


When FC = LOW, the operation of the phase comparator is reversed from the above explanation. 


For FC = LOW: 
fr lags fp in phase OR fp>fr in frequency 


When the phase of fr lags that of fp or the frequency of fp is greater than fr, the oR output will remain in a LOW state while the oP 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oP indicates to the VCO to increase in frequency to bring the loop into lock. 


fr leads fp in phase OR fp<fr in frequency 


When the phase of fr leads that of fp or the frequency of fp is less than fr, the oP output will remain in a HIGH state while the oR 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oR indicates to the VCO to decrease in frequency to bring the loop to lock. 


fr = fp in phase and frequency 


When the phase and frequency of fr and fp are equal, the output oP will remain in a HIGH state and oR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 


The FC pin controls not only the phase characteristics, but also controls the fouUT test pin. The FC pin permits the user to monitor 
either of the phase comparator input signals, fr or fp, at the foUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When FC is HIGH, fouT = fr, the programmable reference divider output. 
When FC is LOW, fouT = fp, the programmable divider output. 















Hence, 
If VCO characteristics are like (1), FC should be set HIGH or OPEN. fourT = fr 
lf VCO characteristics are like (2), FC should be set LOW. fouUT = fp 
o FC = HIGH or OPEN FC = LOW 
= 
Lid 
: [Bo | oR | ¢P | four | Do | oR | oP | four 
: e<rfe [e fe [ela [eo | 
: ferr{e fa fate fa{e te [oe 
3 
S NOTES:Z = High impedance 
When LE is HIGH or Open, BISW has the same 
characteristics as Do. 
VCO INPUT VOLTAGE Figure 5. Phase Comparator, Internal Charge Pump, and 
Figure 4. VCO Characteristics fouT Characteristics 
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fr = 
dS oP 
41. PHASE 


FREQUENCY 
DETECTOR 


4 


oR 





LD 


Vv 





CHARGE 
a KE PUMP 1 o 


CHARGE 
i= PUMP 2 BISW 


Figure 6. Detailed Phase Comparator Block Diagram 


LE 


LOCK DETECT 

The Lock Detect (LD) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LD is designed to be the logical NORing of the phase frequency detector’s outputs UP and DOWN. See Figure 6. In typical 
applications the output signal drives external circuitry which provides a steady LOW signal when the loop is locked. See Figure 9. 


OSCILLATOR INPUT 

The device incorporates an on-chip reference oscillator/ouffer so thet an external parallel-resonant fundamental crystal can be 
connected between OSCin and OSCout. External capacitor C1 and C2 as shown in Figure 10 are required to set the proper 
crystal load capacitance and oscillator frequency. The values of the capacitors are dependent on the crystal chosen (up to a 
maximum of 30 pF each including parasitic and stray capacitance). 


If an external reference oscillator is available, the signal should be AC—coupled to the OSCin pin through a coupling capacitor. In 
this case, no connection to OSCout is required. The magnitude of the AC—coupled signal must be between 500 and 2200 mV 
peak—to—peak. 


DUAL INTERNAL CHARGE PUMPS (“ANALOG SWITCH’) 


Due to the pure Bipolar nature of the MC12206 design, the “analog switch” function is implemented with dual internal charge 
pumps. The loop filter time constant can be decreased by bypassing the first stage of the loop filter with the charge pump output 
BISW as shown in Figure 7 below. This enables the VCO to lock in a shorter amount of time. 


When LE is HIGH or OPEN (“analog switch is ON”), the output of the second internal charge pump is connected to the BISW pin, 
and the Do output is ON. The charge pump 2 output on BISW is essentially equal to the charge pump 1 output on Do. When LE is 
LOW, BISW is in a high impedance state and Do output is active. 





Figure 7. “Analog Switch” Block Diagram 
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ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Ta = —40 to +85°C) 


Parameter 


Supply Current for Voc Ys 
5 
4 





Symbol Typ 
6.7 10.5 
8 12.5 
1 


1 


1 Note 2 


Crystal Mode 


External Reference Mode 


mA 
mA 
MHz 
MHz 
MHz 
p[ 
V 
V 
LA 
LA 
LA 
LA 
HA 






loc 
FIN Operating Frequency finmax 2000 
| finmin 


Fosc Operating Frequency (OSCin) 
Input Sensitivity fIN | 200 | 
Vosc oscin | 500 | 


VIN 
VIH 
VIL 
NH 
Ne 
NH 
Ne 


| Min 
ate 
eee = 
Real 


2 


—_ 


1000 
2200 


Input HIGH Voltage CLK, DATA, LE, FC |} 0.7Vcc 
Input LOW Voltage CLK, DATA, LE, FC 


0.3VCC 
2.0 


mVp_ 


Voc = §.5V 
0 


Input HIGH Current (DATA and CLk) Vcc = §.5V 

Voc = 5.5V 
OSCin=Vcc 
OSCin = Vcc - 2.2V 


VDo = Vp/2; Vp = 2.7V 
VBISW = Vp/2; Vp = 2.7V 


0.5 < VBisw < Vp - 0.5 
eee 
a 


130 
-310 


losc Input Current (OSCin) 


oo 
a 
npuiLOw Gurent(OxTA ana) | 0 
Roel 


6 


| 
NO 
oO 


> |: © | |< 

ro) pa N 
L AIX =|: 
ih [oe ) 


mA 


Charge Pump Output Current . | 26 | 


Do and BISW 









ISource 
Isink® 
IHi-Z 


+1.4 +2.0 +2.6 
Output HIGH Voltage (LD, @R, ¢P,fouT) | 44 | 


Output LOW Voltage (LD, oR, oP, fouT) 


oa 
[reutaan Curent Eandro) | 
a] 


00 

10 

Input LOW Current (LE and FC) 75 
15 

4 

1.0 









+ 
—_ 
o1 





Nh 
i 


o}|o 
hy 


VOH 
VoL ae 

Ee 
OH | no | 


—1.0 





Output HIGH Current (LD, oR, oP, fOUT) m 


A 
A 














loL Output LOW Current (LD, oR, oP, fouT) | 1.0 | 
1. Vcc = 3.3V, all outputs open. 4. Vp = 6.0V, all outputs open. 
2. VCC = 5.5V, all outputs open. 5. AC coupling, Fj measured with a 1000pF capacitor. 
3. Vp = 3.3V, all outputs open. 6. Source current flows out of the pin and sink current flows into the pin. 
Vp 
Vee 
12kQ 
oP O 
5 EXTERNAL CHARGE 
PUMP OUTPUT LOCK DETECT 
O OUTPUT 
o 12kQ 
Figure 8. Typical External Charge Pump Circuit Figure 9. Typical Lock Detect Circuit 
MOTOROLA 180 HIPERCOMM 


BR1334 — REV 3 


MC12206 








Ct 
LOW PASS 
= eae FILTER veo 
(SEE FIGURE 11) 
as 9 (SEE FIGURE 8) 
7 OSCout 
C2 CHARGE PUMP SELECTION 
Vp | (INTERNAL OR EXTERNAL) 
3 
100pF 0.1F 
CC le a8 
pa = 4 
Vcc 
100pF ig ie 0.1pF MC12206 
aus as 5 
© 
6 
O 
LOCK DETECT 
LOCK 7 
DETECT © CIRCUIT O FROM 
(SEE FIGURE 9) ATKQ CONTROLLER 
8 = 
© 
1000pF 47kQ 





C1, C2: Dependent on Crystal Oscillator 


Figure 10. Typical Applications Example (16—Pin Package) 





BISW 
Do OR EXTERNAL VCO 
CHARGE PUMP 
R 
ci 
Figure 11. Typical Loop Filter 
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Serial Input PLL Frequency 


Synthesizer MC12210 


The MC 12210 is a 2.5GHz Bipolar monolithic serial input phase locked 
loop (PLL) synthesizer with pulse—swallow function. It is designed to 
provide the high frequency local oscillator signal of an RF transceiver in 
handheld communication applications. 


Motorola’s advanced Bipolar MOSAIC™ V technology is utilized for 
low power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over 2.7 to 5.5V supply range for input frequencies 
up to 2.5GHz with a typical current drain of 9.5mA. The low power 
consumption makes the MC12210 ideal for handheld battery operated 
applications such as cellular or cordless telephones, wireless LAN or 
personal communication services. A dual modulus prescaler is integrated 
to provide either a 32/33 or 64/65 divide ratio. 


For additional applications information, two InterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 


MECL PLL COMPONENTS 









Serial Input PLL 
Frequency Synthesizer 


P i | 7mA Tvpi D SUFFIX 
e a ower Supply Current of 8.8mA Typical for |cc and 0.7mA Typical pheniclagio EACKAGE 


CASE 751B-—05 
e Supply Voltage of 2.7 to 5.5V 
e Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
e On-Chip Reference Oscillator/Buffer 


e Programmable Reference Divider Consisting of a Binary 14—Bit 
Programmable Reference Counter 


e Programmable Divider Consisting of a Binary 7—Bit Swallow Counter 


and an 11—Bit Programmable Counter DT SUFFIX 
PLASTIC TSSOP PACKAGE 
e Phase/Frequency Detector With Phase Conversion Function CASE 948E-02 


e Balanced Charge Pump Outputs 


e Dual Internal Charge Pumps for Bypassing the First Stage of the Loop 
Filter to Decrease Lock Time 


e Outputs for External Charge Pump 





e Operating Temperature Range of —40°C to +85°C 
e Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 


MAXIMUM RATINGS* 


Power Supply Voltage, Pin 3 (Pin 4 in 20—lead package) Vcc to +6.0 | vc 
Storage Temperature Range —65 to +150 


* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 






MOSAIC V and /nterActiveApNote are trademarks of Motorola, Inc. 
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oR oP foyr BISW FC LE DATA CLK 





CASE 751B 
ACTUAL SIZE 





oR NC P= four BISW FC LE DATA NC CLK 


nnnnnnny 
CASE 948E 
ACTUAL SIZE 





OSCin NC OSCout Vp Vcc Do GND LD NC fy 


PIN NAMES 








16—Lead Pkg | 20-Lead Pkg 
vO Pin No. Pin No. 
Oscillator input. A crystal is connected between OSCin and OSCout. An external 1 
source can be AC coupled into this input 
1 


4 
Oscillator output. Pin should be left open if external source is used 2 


Power supply for charge pumps (Vp should be greater than or equal to Vcc) Vp 
provides power to the Do, BISW and oP outputs 


3 
paactiamiraten seers = | 
possible to this pin and be connected directly to the ground plane. 

See) ee 
7 a ae 
; 14 





[otk [1] Obskinot sng edge othe coc sit dataino the shitagtos 
Binary serial data input 


Load enable input (with internal pull up resistor). When LE is HIGH or OPEN, data 
stored in the shift register is transferred into the appropriate latch (depending on 


the level of control bit). Also, when LE is HIGH or OPEN, the output of the second 
internal charge pump is connected to the BISW pin 





U5] [_— 
a m 
= 





Phase control select (with internal pull up resistor). When FC is LOW, the 
characteristics of the phase comparator and charge pump are reversed. FC also 
selects fp or fr on the foyrT pin 











oo 
oO) 


Analog switch output. When LE is HIGH or OPEN (“analog switch is ON”) the 
output of the second charge pump is connected to the BISW pin. When LE is LOW, 
BISW is high impedance 













aS 
~“ 


Phase comparator input signal. When FC is HIGH, foyT=fr, programmable 
reference divider output; when FC is LOW, foyuT=fp, programmable divider output 


Output for external charge pump. Standard CMOS output level 
Output for external charge pump. Standard CMOS output level 





ob — — —_ af a 
on + {| oO 


We) 
= = 4 = —_ 
© o1 - 


2,9, 12, 19 





— 
oO 
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15-BIT SHIFT REGISTER 













15-BIT LATCH 


14~BIT REFERENCE COUNTER 


OSCin CRYSTAL 
OSCout OSCILLATOR 
















LD 


PHASE/FREQUENCY oP 
DETECTOR oR 


ee 
= 1 CONTROL eas 
| BIT Be 
DATA —— ‘ ees 
| PUMP 2 aoe 
ae DIVIDER | 
CLK - ~—{ OUTPUT MUX OUT 
11-BIT LATCH 7 3 
be | PRESCALER | 
32/33 or 64/65 
ae 7-BIT | 11-BiT 
SWALLOW || PROGRAMMABLE 
| A-COUNTER |} N-COUNTER 
CONTROL LOGIC 7 
Figure 1. MC12210 Block Diagram 
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DATA ENTRY FORMAT 


The three wire interface of DATA pin, CLK (clock) pin and LE (load enable) pin controls the serial data input of the 14—bit 
programmable reference divider plus the prescaler setting bit, and the 18-bit programmable divider. A rising edge of the clock 
shifts one bit of serial data into the internal shift registers. Depending upon the level of the control bit, stored data is transferred 
into the latch when load enable pin is HIGH or OPEN. 


Control bit: “H” = data is transferred into 15-bit latch of programmable reference divider 
“L” = data is transferred into 18-bit latch of programmable divider 


PROGRAMMABLE REFERENCE DIVIDER 

16—bit serial data format for the programmable reference counter, “R—counter’, and prescaler select bit (SW) is shown below. If 
the controi bit is HIGH, data is transferred from the 15-bit shift register into the 15—bit latch which specifies the R divide ratio (8 to 
16383) and the prescaler divide ratio (SW=0 for +64/65, SW=1 for +32/33). An R divide ratio less than 8 is prohibited. 
For Control bit (C) = HIGH: 


SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 


| | | | 





SETTING BITS FOR DIVIDE RATIO OF PROGRAMMABLE 
REFERENCE COUNTER (R-COUNTER) 


DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 





PRESCALER SELECT BIT 


Prescaler Divide Ratio P 
64/65 
32/33 
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PROGRAMMABLE DIVIDER 

19~—bit serial data format for the programmable divider is shown below. If the control bit is LOW, data is transferred from the 18-bit 
shift register into the 18-bit latch which specifies the swallow A—counter divide ratio (0 to 127) and the programmable N—counter 
divide ratio (16 to 2047). An N-counter divide ratio less than 16 is prohibited. 

For Control bit (C) = LOW: 


MSB (FIRST BIT) CONTROL BIT (LAST BIT) 


| 1 | 





SETTING BITS FOR SETTING BITS FOR 
—— DIVIDE RATIO OF —_—_—_———-__ DIVIDE RATIO OF 
PROGRAMMABLE N-COUNTER SWALLOW A-COUNTER 


DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 





DIVIDE RATIO SETTING 


fvco = [(PeN)+A]efosc + R with A<N 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7—bit swallow counter (0 to 127, A<N) 
fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14—bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (32 or 64) 


—> | cae 
DATA N18:MSB Knt7 N17 N8 A7 Al C = CONTROL BIT (LAST BIT) 


(SW:MSB) | (R14) (R7) | (Ré6) (Ri) (C=CONTROL BIT (LAST BIT)) 


FLL ALL 


LE 





1 | ; | aa ee 
—> is(D) <— —> 0) <— tw | —> p< tew 
NOTES:Programmable reference divider data shown in parenthesis. Data shifted into register on rising edge of CLK. 
t,(D) = Setup Time DATA to CLK ts(D) = 10ns 
t,(D) = Hold Time DATA to CLK t(D) = 20ns 
tcw = CLK Pulse Width tcw 2 30ns 
tew = LE Pulse Width tEw 2 20ns 
ts(C—>LE) = Setup Time CLK to LE ts(C->LE) = 30ns 


Figure 2. Serial Data Input Timing 
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PHASE CHARACTERISTICS/VCO CHARACTERISTICS 


The phase comparator in the MC12210 is a high speed digital phase frequency detector circuit. The circuit determines the “lead” 
or “lag” phase relationship and time difference between the leading edges of the VCO (fp) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of +2nx radians. The phase comparator outputs are 
standard CMOS rail-to-rail levels (Vp to GND for oP and Vcc to GND for oR), designed for up to 20MHz operation into a 15pF 
load. These phase comparator outputs can be used along with an external charge pump to enhance the PLL characteristics. 


The operation of the phase comparator is shown in Figures 3 and 5. The phase characteristics of the phase comparator are 
controlled by the FC pin. The polarity of the phase comparator outputs, oR and oP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 


H 

L 

H 

a a OO 

L 

H 

L 

Source 
BISW (LE = H or Open) Sink 

H 
oR (FC =) 

L 

H 
oP (FC =H) | | | | | | 

L 

Source 

Do (FC =L) $$  ———— ——_ -—____+—_ Z 
BISW (LE = H or Open) Sink 

H 
oR (FC =L) | | | | | | 

L 

H 
oP (FC =L) | | | | | 

L 


NOTES: Do and BISW are current outputs. 
Phase difference detection range: -27 to +27 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr > fp or fr < fp, spike might not appear depending upon charge pump characteristics. 


lsource + Isink | _ 4mA 


Internal Charge Pump Gain ~ 
nterna rge Pump Gain rs re 


Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 
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For FC = HIGH: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the oP output will remain in a HIGH state while the oR 


output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oR indicates to the VCO to decrease in frequency to bring the loop into lock. 


fr leads fp in phase OR fp<fr in frequency 


When the phase of fr leads that of fp or the frequency of fp is less than fr, the oR output will remain in a LOW state while the oP 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oP indicates to the VCO to increase in frequency to bring the loop to lock. 


fr = fp in phase and frequency 


When the phase and frequency of fr and fp are equal, the output oP will remain in a HIGH state and oR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 


When FC = LOW, the operation of the phase comparator is reversed from the above explanation. 


For FC = LOW: 
fr lags fp in phase OR fp>fr in frequency 


When the phase of fr lags that of fp or the frequency of fp is greater than fr, the oR output will remain in a LOW state while the oP 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oP indicates to the VCO to increase in frequency to bring the loop into lock. 


fr leads fp in phase OR fp<fr in frequency 


When the phase of fr leads that of fp or the frequency of fp is less than fr, the oP output will remain in a HIGH state while the oR 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on oR indicates to the VCO to decrease in frequency to bring the loop to lock. 


fr = fp in phase and frequency 


When the phase and frequency of fr and fp are equal, the output oP will remain in a HIGH state and oR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 


The FC pin controls not only the phase characteristics, but also controls the foUT test pin. The FC pin permits the user to monitor 
either of the phase comparator input signals, fr or fp, at the foyT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When FC is HIGH, fouT = fr, the programmable reference divider output. 
When FC is LOW, fouT = fp, the programmable divider output. 








Hence, 
lf VCO characteristics are like (1), FC should be set HIGH or OPEN. fout = fr 
lf VCO characteristics are like (2), FC should be set LOW. foUT = fp 
25 FC = HIGH or OPEN FC = LOW 
= 
tu 
: | Bo | 4R | 4 | four | Do | oR 
: fecete [eo [e[* [te fala 
: fe>e[c fe [ate [afc fe 
= 
: fe=wfz {etal [z{e le 
S) NOTES:Z = High impedance 
When LE is HIGH or Open, BISW has the same 
characteristics as Do. 
SSN MO EGE Figure 5. Phase Comparator, Internal Charge Pump, and 
Figure 4. VCO Characteristics fouT Characteristics 
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oP 
PHASE 
FREQUENCY 
DETECTOR 
fp 
oR 
LD 





CHARGE 

5 PUMP 1 Do 
CHARGE 
PUMP 2 BISW 


Figure 6. Detailed Phase Comparator Block Diagram 


LE 


LOCK DETECT 


The Lock Detect (LD) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LD is designed to be the logical NORing of the phase frequency detector’s outputs UP and DOWN. See Figure 6. In typical 
applications the output signal drives external circuitry which provides a steady LOW signal when the loop is locked. See Figure 9. 


OSCILLATOR INPUT 


The device incorporates an on-chip reference oscillator/buffer so that an external parallel-resonant fundamental crystal can be 
connected between OSCin and OSCout. External capacitor C1 and C2 as shown in Figure 10 are required to set the proper 
crystal load capacitance and oscillator frequency. The values of the capacitors are dependent on the crystal chosen (up to a 
maximum of 30 pF each including parasitic and stray capacitance). 


If an external reference oscillator is available, the signal should be AC—coupled to the OSCin pin through a coupling capacitor. In 
this case, no connection to OSCout is required. The magnitude of the AC—coupled signal must be between 500 and 2200 mV 
peak—to—peak. 


DUAL INTERNAL CHARGE PUMPS (“ANALOG SWITCH”) 

Due to the pure Bipolar nature of the MC12210 design, the “analog switch” function is implemented with dual internal charge 
pumps. The loop filter time constant can be decreased by bypassing the first stage of the loop filter with the charge pump output 
BISW as shown in Figure 7 below. This enables the VCO to lock in a shorter amount of time. 


When LE is HIGH or OPEN (“analog switch is ON”), the output of the second internal charge pump is connected to the BISW pin, 
and the Do output is ON. The charge pump 2 output on BISW is essentially equal to the charge pump 1 output on Do. When LE is 
LOW, BISW is in a high impedance state and Do output is active. 






CHARGE 
PUMP 2 


Figure 7. “Analog Switch” Block Diagram 
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ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Ta = —40 to +85°C) 
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1. Voc = 3.3V, all outputs open. 4. Vp = 6.0V, all outputs open. 

2. Voc = 5.5V, ail outputs open. 5. AC coupling, Fjjy measured with a 1000pF capacitor. 

3. Vp = 3.3V, all outputs open. 6. Source current flows out of the pin and sink current flows into the pin. 
Vp 


Voc 








EXTERNAL CHARGE 
PUMP OUTPUT LOCK DETECT 
OUTPUT 
Figure 8. Typical External Charge Pump Circuit Figure 9. Typical Lock Detect Circuit 
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1 
c ‘ 
O LOW PASS 
EXTERNAL 0 FILTER VCO 
c= CHARGE PUMP }__o (SEE FIGURE 11) 
= 2 (SEE FIGURE 8) 
7 OSCout 
C2 CHARGE PUMP SELECTION 
Vp | (INTERNAL OR EXTERNAL) 
3 
Vp 
100pF 0.1F 
Voc tL tL 
= — 4 
Voc 
100pF a8 T 0.1F MC12210 
caer =" 5 
O 
6 
O 
LOCK DETECT 
LOCK 7 
DETECT © CIRCUIT O | FROM 
(SEE FIGURE 9) 4TKQ. CONTROLLER 
8 = 
O 
1000pF 47kQ. 
C1, C2: Dependent on Crystal Oscillator 
Figure 10. Typical Applications Example (16—Pin Package) 
BISW 
Do OR EXTERNAL VCO 
CHARGE PUMP 
R 
i” & 
Figure 11. Typical Loop Filter 
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500-2800MHz Single Channel 
Frequency Synthesizer 


The MC12179 is a monolithic Bipolar synthesizer integrating the high 
frequency prescaler, phase/frequency detector, charge pump, and 
reference oscillator/buffer functions. When combined with an external 
loop filter and VCO, the MC 12179 serves as a complete PLL subsystem. 
Motorola’s advanced MOSAIC™ V technology is utilized for low power 500—2800MHz 
operation at a 5V supply voltage. The device is designed for operation up SINGLE CHANNEL 


to 2.8GHz for high frequency applications such as CATV down converters FREQUENCY SYNTHESIZER 
and satellite receiver tuners. . 


MC12179 


e 2.8GHz Maximum Operating Frequency 


e Low Power Supply Current of 3.5mA Typical, Including I¢c and Ip 
Currents 


e Supply Voltage of 5.0V Typical 

e Integrated Divide by 256 Prescaler 

@ On-Chip Reference Oscillator/Buffer 
~ 2-—11MHz Operation When Driven From Reference Source 
— 5-11MHz Operation When Used With a Crystal 


e Digital Phase/Frequency Detector with Linear Transfer Function D SUFFIX 
PLASTIC SOIC PACKAGE 

e Balanced Charge Pump Output CASE 751-05 

e Space Efficient 8-Lead SOIC 


e Operating Temperature Range of —40°C to +85°C 


For additional information on calculating the loop filter components, an 
InterActiveApNote™ document containing software (based on a Microsoft 
Excel spreadsheet) and an Application Note is available. Please order 
DK306/D from the Motorola Literature Distribution Center. 

Pinout: 8-Lead SOIC (Top View) 


BLOCK DIAGRAM 


Phase/Frequency 
Detector | 








PDout 


Charge 
Pump 





Prescaler 
+256 





Fin 






Power Supply Voltage, Pin 2 ~0.5 to +6.0 | 


Power Supply Voltage, Pin 7 Vcc to +6.0 
Storage Temperature Range —65 to +150 


* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions as identified in the Electrical Characteristics table. 





MOSAIC V and /nterActiveApNote are trademarks of Motorola, Inc. 
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ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5V; Vp = Vcc to 5.5V; Ta = —40 to +85°C) 
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2200 Note 4 
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Output Source Current (PDout) 
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Output Sink Current (PDout) 


—1.6 m Vp =4.5V, Vppout 
= Vp/2 
" 
Output Leakage Current (PDout) 
. Voc and Vp = 5.5V; Fin = 2.56GHz; Fosc = 10MHz crystal; PDoyt open. 
. AC coupling, Fjjy measured with a 1000pF capacitor. 


A 
2.8 A Vp = 4.5V, Vppout 
= Vp/2 

15 | nA 
1 
2 
3. Assumes Cz and Co (Figure 1) limited to <80pF each including stray and parasitic capacitances. 
4 
5 






Vp = 5.0V, VPDout 
= Vp/2 
. AC coupling to OSCjn. 


. Refer to Figure 15 and Figure 16 for typical performance curves over temperature and power supply voltage. 


PIN NAMES 


[Pn | 













Oscillator Input — An external parallel-resonant, fundamental crystal is connected between OSCjn 
and OSCoyt to form an internal reference oscillator (crystal mode). External capacitors C1 and C2, as 
shown in Figure 1, are required to set the proper crystal load capacitance and oscillator frequency. 
For an external reference oscillator, an external signal is AC-coupled to the OSCjn pin with a 1000pF 
coupling capacitor, with no connection to OSCoyt. In either mode, a resistor with a nominal value of 

50kQ MUST be placed across the OSCjn and OSC py pins for proper operation. | 


Positive Power Supply. Bypass capacitors should be placed as close as possible to the pin and be 2 
connected directly to the ground plane. | 
| Ground. 3 














ome 


| GND 











mt 
3 





| Prescaler Input — The VCO signal is AC coupled into the Fin pin. 


Ground — For charge pump circuitry. oe 


Single ended phase/frequency detector output (charge pump output). Three-state current sink/source 









output for use as a loop error signal when combined with an external low pass filter. The 
phase/frequency detector is characterized by a linear transfer function. 


Positive power supply for charge pump. Vp MUST be equal or greater than Voc. Bypass capacitors 7 
should be placed as close as possible to the pin and be connected directly to the ground plane. 


Oscillator output, for use with an external crystal as shown in Figure 1. 








[oscou_| 


og} 2 
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+5.0V 
x nego 






sty -—E 
Osaletvr 


C2 


NOTE: External 50kQ_ resistor 
across Pins 1 and 8 is necessary in 
either crystal or driven mode. 


vco ——+ 


1000pF 







‘< w 
‘< w 


+5.0V 
7 





To Loop Filter 







Figure 1. MC12179 Expanded Block Diagram 


PHASE CHARACTERISTICS 

The phase comparator in the MC12179 is a high speed 
digital phase/frequency detector circuit. The circuit 
determines the “lead” or “lag” phase relationship and time 
difference between the leading edges of the VCO (fv) signal 
and the reference (fr) input. The detector can cover a range 
of +27 radian of fv/fr phase difference. The operation of the 
charge pump output is shown in Figure 2. 


fr lags fv in phase OR fv>fr in frequency 

When the phase of fr lags that of fv or the frequency of fv is 
greater than fr, the Do output will sink current. The pulse 
width will be determined by the time difference between the 
two rising edges. 


fr leads fv in phase OR fv<fr in frequency 


When the phase of fr leads that of fv or the frequency of fv 
is less than fr, the Do output will source current. The pulse 
width will be determined by the time difference between the 
two rising edges. 


fr = fv in phase and frequency 


When the phase and frequency of fr and fv are equal, the 
charge pump will be in a quiet state, except for current spikes 
when signals are in phase. This situation indicates that the 
loop is in lock and the phase comparator will maintain the 
loop in its locked state. 


| Sourcing Current Pulse 
PDout 7 
Le | Sinking Current Pulse 


H = High voltage level; L = Low voltage level; Z = High impedance 
NOTES: Phase difference detection range: ~ -27c to 27 


lI 1 + Ilgink! 
Kp — Charge Pump Gain ~ Ce Ee 2 = 


2.21 + +221 4.1mA 





4m gtradian 


Figure 2. Phase/Frequency Detector and Charge Pump Waveforms 
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Applications Information 


The MC12179 is intended for applications where a fixed 
local oscillator is required to be synthesized. The prescaler 
on the MC12179 operates up to 2.8GHz which makes the 
part ideal for many satellite receiver applications as well as 
applications in the 2nd ISM (Industrial, Scientific, and 
Medical) band which covers the frequency range of 
2400MHz to 2483MHz. The part is also intended for MMDS 
(Multi-channe! Multi-point Distribution System) block 
downconverter applications. Below is a typical block diagram 
of the complete PLL. 























MC12179 PLL 
External Ref Paral vco 
10.0MHz o/Freq \_| Charge Loop 2560.00MHz 
Det Pump Filter 


Figure 3. Typical Block Diagram of Complete PLL 





As can be seen from the block diagram, with the addition 
of a VCO, a loop filter, and either an external oscillator or 
crystal, a complete PLL sub-system can be realized. Since 
most of the PLL function is integrated into the MC12179, the 
user’s primary focus is on the loop filter design and the 
crystal reference circuit. Figure 13 and Figure 14 illustrate 
typical VCO spectrum and phase noise characteristics. 
Figure 17 and Figure 18 illustrate the typical input impedance 
versus frequency for the prescaler input. 


Crystal Oscillator Design 

The MC12179 is used as a multiply—by—256 PLL circuit 
which transfers the high stability characteristic of a low 
frequency reference source to the high frequency VCO in the 
PLL loop. To facilitate this, the device contains an input circuit 
which can be configured as a crystal oscillator or a buffer for 
accepting an external signal source. 


In the external reference mode, the reference source is 
AC-coupled into the OSCjn input pin. The input level signal 
should be between 500—2200mVp-p. When configured with 
an external reference, the device can operate with input 
frequencies down to 2MHz, thus allowing the circuit to contro! 
the VCO down to 512MHz. To optimize the phase noise of the 
PLL when used in this mode, the input signal amplitude 
should be closer to the upper specification limit. This 
maximizes the slew rate of the input signal as it switches 
against the internal voltage reference. 


In the crystal mode, an external parallel—resonant 
fundamental mode crystal is connected between the OSCjn 
and OSCouyt pins. This crystal must be between 5MHz and 
11MHz. External capacitors, C1 and C2 as shown in 
Figure 1, are required to set the proper crystal load 
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capacitance and oscillator frequency. The values of the 
capacitors are dependent on the crystal chosen and the input 
capacitance of the device and any stray board capacitance. 


In either mode, a 50kQ resistor must be connected 
between the OSCjn and the OSCoy; pins for proper device 
operation. The value of this resistor is not critical so a 47kQ or 
51kQ +10% resistor is acceptable. 

Since the MC12179 is realized with an all—bipolar ECL 
style design, the internal oscillator circuitry is different from 
more traditional CMOS oscillator designs which realize the 
crystal oscillator with a modified inverter topology. These 
CMOS designs typically excite the crystal with a rail-to-rail 
signal which may overdrive the crystal resulting in damage or 
unstable operation. The MC12179 design does not exhibit 
these phenomena because the swing out of the OSCoyj pin is 
less than 600mV. This has the added advantage of 
minimizing EMI and switching noise which can be generated 
by rail-to-rail CMOS outputs. The OSCoyt output should not 
be used to drive other circuitry. 

The oscillator buffer in the MC12179 is a single stage, high 
speed, differential input/output amplifier; it may be 
considered to be a form of the Pierce oscillator. A simplified 
circuit diagram is seen in Figure 4. 


Voc O 





To Phase/ 
> Frequency 
Detector 


Figure 4. Simplified Crystal Oscillator/Buffer Circuit 


OSCjn drives the base of one input of an NPN transistor 
differential pair. The non-inverting input of the differential pair 
is internally biased. OSC oy is the inverted input signal and is 
buffered by an emitter follower with a 701A pull-down current 
and has a voltage swing of about 600mVp—p. Open loop 
output impedance is about 425Q. The opposite side of the 
differential amplifier output is used internally to drive another 
buffer stage which drives the phase/frequency detector. With 
the 50kQ feedback resistor in place, OSCjn and OSCoyt are 
biased to approximately 1.1V below Voc. The amplifier has a 
voltage gain of about 15dB and a bandwidth in excess of 
150MHz. Adherence to good IiF design and layout 
techniques, including power supply pin decoupling, is 
strongly recommended. 

A typical crystal oscillator application is shown in Figure 1. 
The crystal and the feedback resistor are connected directly 
between OSCjn and OSCoyt, while the loading capacitors, C1 
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and C2, are connected between OSCjn and ground, and 
OSCoyt and ground respectively. It is important to understand 
that as far as the crystal is concerned, the two loading 
capacitors are in series (albeit through ground). So when the 
crystal specification defines a specific loading capacitance, 
this refers to the total external (to the crystal) capacitance 
seen across its two pins. 


This capacitance consists of the capacitance contributed 
by the amplifier (IC and packaging), layout capacitance, and 
the series combination of the two loading capacitors. This is 
illustrated in the equation below: 


C1 x C2 


= + + 
C) = Camp + CSTRAY Gio 


Provided the crystal and associated components are 
located immediately next to the IC, thus minimizing the stray 
Capacitance, the combined value of Canp and CsTRay is 
approximately 5pF. Note that the location of the OSCjn and 
OSCouyt pins at the end of the package, facilitates placing the 
crystal, resistor and the C1 and C2 capacitors very close to 
the device. Usually, one of the capacitors is in parallel with an 
adjustable capacitor used to trim the frequency of oscillation. 
It is important that the total external (to the IC) capacitance 
seen by either OSCjn or OSCoyt, be no greater than 30pF. 


In operation, the crystal oscillator will start up with the 
application of power. If the crystal is in a can that is not 
grounded it is often possible to monitor the frequency of 
oscillation by connecting an oscilloscope probe to the can; 
this technique minimizes any disturbance to the circuit. If a 
malfunction is indicated, a high impedance, low capacitance, 
FET probe may be connected to either OSCjn or OSCouyt. 
Signals typically seen at those points will be very nearly 
sinusoidal with amplitudes of roughly 300-600mVp-p. Some 
distortion is inevitable and has little bearing on the accuracy 
of the signal going to the phase detector. 


Loop Filter Design 


Because the device is designed for a non—frequency agile 
synthesizer (i.e., how fast it tunes is not critical) the loop filter 
design is very straight forward. The current output of the 
charge pump allows the loop filter to be realized without the 
need of any active components. The preferred topology for 
the filter is illustrated below in Figure 5. 


( Xt! leeal Chrg i 
Osc Det Pump 





Figure 5. Loop Filter 


The Ro/Co components realize the primary loop filter. Cag is 
added to the loop filter to provide for reference sideband 
suppression. If additional suppression is needed, the Ry/Cy 
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realizes an additional filter. In most applications, this will not 
be necessary. If all components are used, this results in a 4th 
order PLL, which makes analysis difficult. To simplify this, the 
loop design will be treated as a 2nd order loop (Ro/Co) and 
additional guidelines are provided to minimize the influence 
of the other components. If more rigorous analysis is needed, 
mathematical/system simulation tools can be used. 


[Component | Guldeine 











The focus of the design effort is to determine what the 
loop’s natural frequency, @o, should be. This is determined by 
Ro; Co, Kp, Ky, and N. Because Kp, Ky, and N are given, itis 
only necessary to calculate values for Ro and Co. There are 3 
considerations in selecting the loop bandwidth: 


1) Maximum loop bandwidth for minimum tuning 
speed 


2) Optimum loop bandwidth for best phase noise 
performance 


3) Minimum loop bandwidth for greatest reference 
sideband suppression 


Usually a compromise is struck between these 3 cases, 
however, for the fixed frequency application, minimizing the 
tuning speed is not a critical parameter. 


To specify the loop bandwidth for optimal phase noise 
performance, an understanding of the sources of phase 
noise in the system and the effect of the loop filter on them is 
required. There are 3 major sources of phase noise in the 
phase-locked loop — the crystal reference, the VCO, and the 
loop contribution. The loop filter acts as a low-pass filter to 
the crystal reference and the loop contribution equal to the 
total divide—by-N ratio. This is mathematically described in 
Figure 10. The loop filter acts as a high-pass filter to the VCO 
with an in—band gain equal to unity. This is described in 
Figure 11. The loop contribution includes the PLL IC, as well 
as noise in the system; supply noise, switching noise, etc. 
For this example, a loop contribution of 15dB has been 
selected, which corresponds to data in Figure 14. 


The crystal reference and the VCO are characterized as 
high-order 1/f noise sources. Graphical analysis is used to 
determine the optimum loop bandwidth. It is necessary to 
have noise plots from the manufacturer. This method 
provides a straightforward approximation suitable for quickly 
estimating the optimal bandwidth. The loop contribution is 
characterized as white—noise or low-order 1/f noise given in 
the form of a noise factor which combines all the noise effects 
into a single value. The phase noise of the Crystal Reference 
is increased by the noise factor of the PLL IC and related 
circuitry. It is further increased by the total divide—by—N ratio 
of the loop. This is illustrated in Figure 6. 


The point at which the VCO phase noise crosses the 
amplified phase noise of the Crystal Reference is the point of 
the optimum loop bandwidth. In the example of Figure 6, the 
optimum bandwidth is approximately 15KHz. 
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15kHz/2.5 or 6kHz (37.7krads) with a damping coefficient, 
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Optimum Bandwidth 


€ = 1. T(s) is the transfer function of the loop filter. 


T(s) RoCos + 1 

Ss) = —_—  —_ = 
NCo \52 
(R°)s + RoCos + 1 
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Figure 6. Graphical Analysis of Optimum Bandwidth 
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Figure 8. Design Equations for the 2nd Order System 
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In summary, follow the steps given below: 


Step 1: Plot the phase noise of crystal reference and the 
VCO on the same graph. 


Step 2: Increase the phase noise of the crystal reference by 


the noise contribution of the loop. 


Convert the divide—by—-N to dB (20log 256 — 48dB) 
and increase the phase noise of the crystal 
reference by that amount. 


The point at which the VCO phase noise crosses the 
amplified phase noise of the Crystal Reference is the 
point of the optimum loop bandwidth. This is 
approximately 15kHz in Figure 6. 


RN 
mT 
CATING UU 
BU Nt] 
SUI HU 


1k 


Step 3: 


Step 4: 


Correlate this loop bandwidth to the loop natural 
frequency and select components per Figure 8. In 
this case the 3dB bandwidth for a damping 


100 Step 5: 


Figure 7. Closed Loop Frequency Response for ¢ = 1 


To simplify analysis further a damping factor of 1 will be 
selected. The normalized closed loop response is illustrated 
in Figure 7 where the loop bandwidth is 2.5 times the loop 
natural frequency (the loop natural frequency is the 
frequency at which the loop would oscillate if it were 
unstable). Therefore the optimum loop bandwidth is 


NCo 1 





Let: 
KpKy Wo2 


Let: 
Let: RoCo = miss ; 
03 


Let: 


= a nd Rofo 


Ca = aCo , Cx = DC , 


A=i¢+a, 


coefficient of 1 is 2.5 times the loop’s natural 
frequency. The relationship between the 3dB loop 
bandwidth and the loop’s “natural” frequency will 
vary for different values of €. Making use of the 
equations defined above in a math tool or spread 
sheet is useful. To aid in the use of such a tool the 
equations are summarized in Figure 9 through 
Figure 11. 


andB=1+a+b 


RyxCy = a ; Ro(Ca + Cy) = — 


K303 = Wo , K4n4 = Wo , K505 = Wo 


Figure 9. Loop Parameter Relations 
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T(jo) = N- 


(1+K3k4-B 
Wo 60) 


1+j( 202 ) 
5) +i ( a5 — (AK4 + Ks) 25 ) 


Figure 10. Transfer Function for the Crystal Noise in the Frequency Plane 


T(jo) = 


( Kak4 5 - BS ) —j ( (AK4 + K5)25 ) 


Figure 11. Transfer Function for the VCO Noise in the Frequency Plane 


Appendix: Derivation of Loop Filter Transfer Function 
The purpose of the loop filter is to convert the current from 
the phase detector to a tuning voltage for the VCO. The total 
transfer function is derived in two steps. Step 1 is to find the 
voltage generated by the impedance of the loop filter. Step 2 
is to find the transfer function from the input of the loop filter to 
its output. The “voltage” times the “transfer function” is the 


For the 2nd Order PLL: Vp Vi 
Ro RoCos + 1 
: ARS) 


Cos 


Co 


Forthe 3rd Order PLL: Vp Vi 
Ro Cc 
: [* Are = 


ii = 


For the 4th Order PLL: Vp 


Ro c 


Ca Rx 
Co a a 


i{;--—- 


ZLF(S) = 


vals) 1 


TES) = Vos) ~ PGs +7) 


overall transfer function of the loop filter. To use these 
equations in determining the overall transfer function of a PLL 
multiply the filter's impedance by the gain constant of the 
phase detector then multiply that by the filter’s transfer 
function (which is unity in the 2nd and 3rd order cases 
below). 


Vi(s) 
TLE(s) = Job = 1, Vols) = Kp(s)ZLF(s) 


RoCos + 1 
CoRoCas2 + (Co + Ca)s 


Vi(s) 
TLE(s) = Wo) = 1, Vols) = Kp(s)ZLE(s) 


(RoCos + 1) (RxCxs = 1) 


7 CoRoCaRxCxs3 +[ (Co =f Ca)RxCx ++ CoRo(Cx “+f Ca) ] s2 + (Co Si Ca “t Cx)s 


» Vp(S) = Kp(s)ZLF(s) 


Figure 12. Overail Transfer Function of the PLL 
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Figure 13. VCO Output Spectrum with MC12179, Vcc = 5.0V 
(ECLiIPTEK 8.9MHz Crystal and ZCOM 2500 VCO) 
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Figure 14. Typical Phase Noise Plot, 2200MHz VCO 
(With the MC12179 in a Closed Loop) 
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Figure 15. Typical Charge Pump Current versus Temperature 
(VCC = VPP = 5V) 
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Figure 16. Typical Charge Pump Current versus Voitage 
(T = 25°C) 
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Figure 17. Typical Real Input Impedance versus Input Frequency 
(For the Fin Input) 
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Figure 18. Typical Imaginary Input Impedance versus Input Frequency 
(For the Fin Input) 
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Product Preview 
Low Voltage Dual RF/IF PLL 
Frequency Synthesizer 


The MC12302 is a 1.1GHz (RF)/500MHz (IF) monolithic serial input 
dual phase locked loop (PLL) synthesizer. The device contains a 1.1GH2/500MHz 


complete RF prescaler/PLL synthesizer and an IF prescaler/PLL LOW VOLTAGE DUAL PLL 
synthesizer. It is designed to provide the high frequency RF local FREQUENCY SYNTHESIZER 


oscillator control and IF oscillator contro! for dual conversion receivers or 
transceivers. The two synthesizers share a common serial programming 
port as well as the reference oscillator input. Each side contains separate 
reference counters for independent programming of the comparison 
frequency. The device is intended for RF personal communication 
applications where small size and low power are critical. 


Motorola’s advanced Bipolar MOSAIC V technology is utilized for low 
power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over a 2.7 to 5.5V supply range for input 
frequencies up to 1.1GHz/500 MHz with a typical current drain of 9.0mA. 
The low power consumption makes the MC12302 ideal for handheld 
battery operated applications such as cellular or cordless telephones, 
wireless LAN or personal communication devices. Dual modulus 
prescalers are integrated to provide either a 32/33 or 64/65 divide ratio for 
the RF synthesizer and a 8/9 or 16/17 divide ratio for the IF synthesizer. 


For additional applications information, two /nterActiveApNote™ DT SUFFIX 
documents containing software (based on a Microsoft Excel PLASTIC TSSOP PACKAGE 
spreadsheet) and an Application Note are available. Please order CASE 948E-02 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 


e Low Power Supply Current of 8.5 mA Typical for |c¢c and 0.5mA Typical 
for Ip 


e Supply Voltage of 2.7 to 5.5V 


e Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
for the RF Synthesizer and 8/9 or 16/17 for the IF Synthesizer 


e On—Chip Reference Frequency Buffer 


e Two Programmable Reference Dividers Consisting of a Binary 14—Bit 
Reference Counter (R = 8 to 16383) 


e Two Programmable Dividers Consisting of a Binary 6-Bit (4 Bit for IF) Swallow Counter and an 11-Bit Counter 
e Integrated Digital Phase/Frequency Detectors | 

e Balanced Charge Pump Outputs Which Can Be Disabled Individually Under Software Control 

e Multi-function Test Pin for Observing RF or IF Lock Detect Output or Any One of Four Comparison Signals 

e Test Pin Can Be Disabled Under Software Control to Reduce Current Drain 

e Operating Temperature Range of —40°C to +85°C 

e Space Efficient Plastic Surface Mount TSSOP Package 





MOSAIC V and /nterActiveApNote are trademarks of Motorola, Inc. 


This document contains information on a product under development. Motorola reserves the right to 
change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Power Supply Voltage, Pins 1 and 20 —0.5 to +6.0 


Power Supply Voltage, Pins 2 and 19 Vcc to +6.0 | voc 
Storage Temperature Range —65 to +150 


* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 





Voc Vp ODolF GND finlF finIF GND LE DATA CLK 


pANNOOD 
CASE 948E 
ACTUAL SIZE 





Vcc Vp DoRF GND finRF finRF GND OSCin GND folLD 





Power supply for charge pumps. Vp should be greater than or equal to Vcc. Separate pins (Pin 2 for RF/Pin 19 for IF) 
supply the charge pump circuitry 












Power supply voltage input. Bypass capacitors should be placed close to this pin and connected directly to the ground 
plane. Separate pins (Pin 1 for RF/Pin 20 for IF) supply the internal circuitry. Both Vcc voltages must be equal 


Internal charge pump output for RF synthesizer, can be disabled under SW control 


Internal charge pump output for IF synthesizer, can be disabled under SW control 


Multi-function digital output. This output is selectable as fr-RF, fr-IF, fv-RF, fv-IF, Lock—RF or Lock—IF under software 
| control 


HinRF fot | Prescaler input for the RF synthesizer. The high-frequency VCO output signal is ac—coupled into this pin 


\inRF | ot Complementary prescaler input for the RF synthesizer. This pin is ac-bypassed to ground 


inte =f ot Prescaier input for the IF synthesizer. The low frequency VCO output signal is ac—coupled into this pin 


| CLK ee Clock input. Rising edge of clock shifts data into the shift registers 
DATA | ot Binary serial input data 
LE 


Load Enable input. When LE pulses high, data stored in the shift registers is transferred into the appropriate latch 
(depending on the status of the control bits). In addition, while LE is high, the CLK input is disabled 
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Figure 1. MC12302 Functional Biock Diagram 
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SERIAL PROGRAMMING INTERFACE 


A simple 3-line uni-directional serial interface is used to program the synthesizer. The interface consists of DATA , CLK (clock), 
and LE (load enable) inputs. While the LE input is LOW, a rising edge of the clock shifts one bit of serial data into the internal shift 
registers. The most significant bit (MSB) is shifted in first (SW). The last bit is a control bit which steers the data stream to either 
the Reference Divider (19 bits) or Programmable N/A Divider (22 bits) Latch. When the LE input pulses HIGH, the contents 
shifted in will be latched into the device. Only the last 19 bits (or 22—bits) serially clocked into the device are retained. Additional 
leading bits are ignored. This is useful in those cases where the programmer prefers to deal with bit streams which are multiples 
of a byte in length. 


PROGRAMMABLE REFERENCE DIVIDER 


A 19-bit serial data format is used te access the programmable reference counter and prescaler select bit. There are 3 separate 
fields in this data format which are illustrated below. The first field is 1—bit wide (SW) and selects one of the two moduius 
prescalers. A HIGH selects the lower modulus prescaler pair while LOW selects the higher modulus prescaler pair. The next field 
is 14—bits wide and contains the value of the reference counter divide ratio. The final field is 4—bits wide and is used for 
addressing and control. The first bit in this field is RF/IF, which selects whether the data is going to be latched into the RF section 
(1=RF) or the IF section (O=IF). The next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is 
disabled (O=TE), the output circuitry is shut off to conserve power. The next bit, Lock Detect (LD) controls whether the lock 
detector signal (1=Lock) or the fout (O=fout) is routed to the fo/LD output. The final bit is a control bit R/V which must be set high 
(1=R/V) to address the data stream to the Reference Divider. 





SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 
| MSB LSB \ 
[sw | ris | aie | tt | ato | ne | ne | a7 | ro | v5 | ae | ro | ne | mi | po | RP 
SETTING BITS FOR DIVIDE RATIO OF MUST 
-<—___— PROGRAMMABLE REFERENCE COUNTER (R-COUNTER) . BE A‘1’ 
RANGE OF R (8 TO 16383) 


ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 
TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 


DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 









PRESCALER SELECT BIT | SYNTHESIZER SELECT BIT | TEST ENABLE BIT | LD SELECT BIT 


Prescaler 
Synthesizer Divide Synthesizer RF/IF 
Ratio 
64/65 
ee 16/17 
ls A a 


LD 
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PROGRAMMABLE N/A DIVIDER 


A 22-bit serial data format is used to access the N Divider, A Divider, and some test control functions. There are 4 separate fields 
in this data formai which are illustrated below. The first field is 11—bits wide and is used to program the N—counter. The next field is 
6—bits wide and is used to program the A—counter. The next field (DCP) is 1—bit wide and it is used to enable and disable the 
charge pump output. If the field is set (1=DCP), the addressed charge pump is placed in a high-impedance state. In normal 
operation, the charge pump is enabled (O=DCP). The final field is 4—bits wide and is used for addressing and control. The first bit 
in this field is RF/IF, which selects whether the data is going to be latched into the RF section (1=RF) or the IF section (O=IF). The 
next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is disabled (O=TE), the output circuitry 
is shut off to conserve power. The next bit Lock Detect (LD) controls whether the lock detector signal (1=Lock) or the fout (O=fout) 
is routed to the fo/LD output. The final bit is a control bit R/V which must be set low (0=R/V) to address the data stream to the 
Programmable N/A Divider. 





FIRST BIT SHIFTED IN ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 
MSB LSB MSB LSB 
jwio {no | nef nz | no | ns | na [na | ne | nv | no | as | ae | as | a2 | at | a0 [pce | Arar 
SETTING BITS FOR DIVIDE RATIO MUST 
SETTING BITS FOR DIVIDE RATIO OF N COUNTER OF THE SWALLOW A COUNTER BE A ‘0 
RANGE OF N (16 TO 2047) RANGE OF A (0 TO 15) FOR IF 


RANGE OF A (0 TO 63) FOR RF 


CONTROL BIT FOR DISABLING CHARGE PUMP OUTPUT 


ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 
TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 


NOTE: When programming the A-counter for the IF loop, A4 and A5 should be set to ‘0’. 


DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 


2047 { 1 { 1 


| SYNTHESIZER SELECT | fea ENKB KE GRE Ey eELEC UE | CHARGE PUMP CONTROL | 


| Synthesizer | RFIF || StatusoffoLD | TE || SignalfromfoLD | LD | 
PF oT Powereddown [of four | | 
ee CE 


















Disabled ae 





PROGRAMMING ORDER 


There is no specific order by which the data words must be programmed for normal operation. In most applications, the RF and IF 
Programmable Reference Divider words are programmed first and the Programmable N/A Divider words are programmed last. 
The Programmable N/A Divider words are then changed as the synthesizer is tuned to different channels. It is important to note 
that the status of the TE and LD fieids of the last word programmed determines the state of the fo/LD output. 
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PROGRAMMING THE STATE OF THE fo/LD OUTPUT 


The multi-function test pin output can be used to observe any one of six internal signals: fr-RF, fr-IF, fv-RF, fv-IF, Lock—RF, and 
Lock—IF. In addition this output pin can be disabled to reduce current consumption of the part and minimize switching noise. All 
these functions are under software control. To fully configure the synthesizer, four data words must be programmed into the 
device to load all the latches. As previously stated, programming order is not important for normal operation. This is not the case 
though when the user would like to observe a test point. Under this condition, the last word loaded determines what test point will 
be observed. The table below illustrates which register needs to be programmed last and the state of the control bits to access 
each test point. 





fr IF Reference Divider 
fv IF N/A Divider 

Lock IF Either 
fr RF Reference Divider 
fv RF N/A Divider 

Lock RF Either 

X = Don’t Care 
DIVIDE RATIO SETTING 


fvco = [(PeN)+A]efosc + R with A < N (for continuous frequency steps PeN+A > P(P—1)) 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 


A: Preset divide ratio of binary 4—bit or 6—-bit swallow counter (0 to 63, A<N, for RF synthesizer; 0 to 15, A<N, for IF 
synthesizer) 


fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14—bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (32 or 64 for RF synthesizer; 8 or 16 for IF synthesizer) 


DATA Nto x Ng No x AS AO Coc XX ar XX TE “1D RV = CTRL BIT (LSB) 
| | as 
| 





(N/A DIVIDER) 
| ere ae 
DATA sw K R13 | RO i> E> LD R/V = CTRL BIT (LSB) 
| ene 
(REF DIVIDER) | | 
| | 
« FL LALA PLLA 
2 . a | | toe | | | | 
| 
- = | oe ied 
—> {s(D) <— —> th(D) <— icw— } => pt tew 
NOTE:Data shifted into register on rising edge of CLK. 
ts(D) = Setup Time DATA to CLK t(D) > 10ns 
t(D) = Hold Time DATA to CLK ty(D) = 20ns 
tow = CLK Pulse Width tcw 2 30ns 
te = LE Pulse Width tew = 20ns 
ts(C-—>LE) = Setup Time CLK to LE ts(C—LE) = 30ns 


Figure 2. Serial Data Input Timing 
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PHASE CHARACTERISTICS/VCO CHARACTERISTICS 


The phase comparator in the MC 12302 is a high speed digital phase/frequency detector circuit. The circuit determines the “lead” 
or “lag” phase relationship and time difference between the leading edges of the VCO (fv) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of +27 radians. 


The operation of the phase comparator is shown in 3. 


Source 
Sink 


NOTES: Dois a current output. 
Phase difference detection range: -27 to +27 
The spike is output in order to diminish dead band. 


| Isourcel + | Isink! gma 


Int P in = 
nternal Charge Pump Gain a re 


Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 


fr lags fv in phase OR fv>fr in frequency 


When the phase of fr lags that of fv or the frequency of fv is greater than fr, the Do output will sink current. The pulse width will be 
determined by the time difference between the two rising edges. 


fr leads fv in phase OR fv<fr in frequency 


When the phase of fr leads that of fv or the frequency of fv is less than fr, the Do output will source current. The pulse width will be 
determined by the time difference between the two rising edges. 


fr = fv in phase and frequency 


When the phase and frequency of fr and fv are equal, the charge pump will be in a quiet state, except for current spikes when 
signals are in phase. This situation indicates that the loop is in lock and the phase comparator will maintain the loop in its locked 
state. 
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FREQUENCY 
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MUX 


| CIRCUITRY foo 


MUX 
CIRCUITRY 


Figure 4. Detailed Phase/Frequency Comparator Block Diagram 


LOCK DETECT 


When the lock detector signal (Lock—-IF or Lock—RF) is selected to be routed to the fo/LD output pin, the lock detector circuit 
provides a LOW pulse when fr and fv are not equal in phase or frequency. The output is normally HIGH. LD is designed to be the 
logical NORing of the phase frequency detector’s outputs UP and DOWN. See 6. In typical applications the output signal drives 
external circuitry which provides a steady LOW signal when the loop is locked. See 9. 


fo 


When selected, the output frequency pin (fo/LD) provides a LOW going pulse at the fr or fv rate. The pulse width is determined by 
the frequency in the respective counter. This output is for test purposes only and may not swing ail the way down to ground. The 
scope probe capacitive load should be less than 5pF. 


OSCILLATOR INPUT 


The device incorporates an on-chip reference buffer so that an external reference oscillator signal can be ac—coupled to the 
OSCin pin through a coupling capacitor. The magnitude o! the ac—coupled signal must be between 500 and 2200 mV 
peak—to—peak. 


Voc 


LOCK DETECT 
OUTPUT 





Figure 5. Typical Lock Detect Circuit 
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ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Vp = Vcc to 6.0V; Ta = —40 to +85°C) 


Parameter 


Icc Supply Current for Voc 


ae Supply Current for Vp 

FiN—-RF Operating Frequency finjmax 
finmin 

F)\N-IF Operating Frequency finmax MHz 
finmin 40 


Operating Frequency (OSCin) TBD MHz 


F 
V Input Sensitivity f|IN-RF 
(100-S00MHzZ) fijj—-IF 
(40—100MHZ) fi_—-IF 


OSCin 


Input HIGH Voltage CLK, DATA, LE | 0.7Vcc 


Input LOW Voltage CLK, DATA, LE 


S1S Lo rs 
N“N 


Input Current (OSCin) 


Charge Pump Output Current 
D 


Output Disabled 


Voc = 2.7V; Note 6 


5 nA 0.5V < VDo < Vp — 0.5V 
| Voc =5.0V 


& 
ASS 


2.0 
1 


( 
Input LOW Current (DATA, CLK and LE 
( ; 


Output LOW Voltage ( 


Output HIGH Current (fo/LD) 
Output LOW Current (fo/LD) 10 


1. Vcc = 3.3V, all outputs open. 

2. Vcc = 5.5V, all outputs open. 

3. Vp = 3.3V, all outputs open. 

4. Vp = 6.0V, all outputs open. 

5. AC coupling, Fjj)y measured with a 1000pF capacitor. 

6. Source current flows out of the pin and sink current flows into the pin, typical charge pump sink and source curves are found in Figure 9. 


fo/LD) 


Input HIGH Current (DATA, CLK and LE) 
) 


Output HIGH Voltage (fo/LD) 
( 





ye) 
bh 
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Figure 6. Typical Applications Example 
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Figure 7. Typical Loop Filter 
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Figure 8. Typical Sub—System Block Diagram 
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Product Preview 
Low Voltage Dual RF/IF PLL 
Frequency Synthesizer 


The MC12306 is a 2.0GHz (RF)/500MHz (IF) monolithic serial input 
dual phase locked loop (PLL) synthesizer. The device contains a 
complete RF prescaler/PLL synthesizer and an IF prescaler/PLL 
synthesizer. It is designed to provide the high frequency RF local 
oscillator control and IF oscillator control for dual conversion receivers or 
transceivers. The two synthesizers share a common serial programming 
port as well as the reference oscillator input. Each side contains separate 
reference counters for independent programming of the comparison 
frequency. The device is intended for RF personal communication 
applications where small size and low power are critical. 


Motorola’s advanced Bipolar MOSAIC V technology is utilized for low 
power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over a 2.7 to 5.5V supply range for input 
frequencies up to 2.0GHz/500 MHz with a typical current drain of 10.5mA. 
The low power consumption makes the MC12306 ideal for handheld 
battery operated applications such as cellular or cordless telephones, 
wireless LAN or GPS receivers. Dual modulus prescalers are integrated 
to provide either a 32/33 or 64/65 divide ratio for the RF synthesizer and a 
8/9 or 16/17 divide ratio for the IF synthesizer. 


For additional applications information, two /nterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 


e Low Power Supply Current of 10mA Typical for |cc and 0.5mA Typical 
for Ip 


e Supply Voltage of 2.7 to 5.5V 


e Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
for the RF Synthesizer and 8/9 or 16/17 for the IF Synthesizer 


e On-Chip Reference Frequency Buffer 


e Two Programmable Reference Dividers Consisting of a Binary 14—Bit 
Reference Counter (R = 8 to 16383) 





2.0GH2/500MHz 
LOW VOLTAGE DUAL PLL 
FREQUENCY SYNTHESIZER 


DT SUFFIX 
PLASTIC TSSOP PACKAGE 
CASE 948E-02 


e Two Programmable Dividers Consisting of a Binary 6-Bit (4 Bit for IF) Swallow Counter and an 11—Bit Counter 


e Integrated Digital Phase/Frequency Detectors 


e Balanced Charge Pump Outputs Which Can Be Disabled Individually Under Software Control 


e Multi-function Test Pin for Observing RF or IF Lock Detect Output or Any One of Four Comparison Signals 


e Test Pin Can Be Disabled Under Software Control to Reduce Current Drain 


e Operating Temperature Range of —40°C to +85°C 
e Space Efficient Plastic Surface Mount TSSOP Package 


MOSAIC V and /nterActiveApNote are trademarks of Motorola, Inc. 


This document contains information on a product under development. Motorola reserves the right to 


change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


a 


* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 










Vcc Vp ODolF GND finlF finF GND LE DATA CLK 


NALA 
CASE 948E 
ACTUAL SIZE 





6} [7] La} [ol 


Vcc Vp  DoRF GND finRF finRF GND OSCin GND  fo/LD 


PIN NAMES 





Reference oscillator input. An external oscillator source must be ac coupled in to this pin 


Power supply for charge pumps. Vp should be greater than or equal to Voc. Separate pins (Pin 2 for RF/Pin 19 for IF) | 
supply the charge pump circuitry. 


Power supply voltage input. Bypass capacitors should be placed close to this pin and connected directly to the ground 
plane. Separate pins (Pin 1 for RF/Pin 20 for IF) supply the internal circuitry. Both Vcc voltages must be equal 


Internal charge pump output for RF synthesizer, can be disabled under SW control 
Internal charge pump output for IF synthesizer, can be disabled under SW control 


Multi-function digital output. This output is selectable as fr—RF, fr—IF, fv-RF, fv-IF, Lock—RF or Lock-IF under software 
control 


[Complementary pescalerinputior the RF syne. This pins ao-bypassedtoground 
[Pescslerinput forthe IF eynheszer The low requeney VCO ouput sgnalisac-coupledio enn 
[Complementary prescalerint forte F amnesiac This piniwac-bypascedtogaund = 


Binary serial input data 


Load Enable input. When LE pulses high, data stored in the shift registers is transferred into the appropriate latch 
(depending on the status of the control bits). In addition, while LE is high, the CLK input is disabled 
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CONTROL LOGIC 


fin IF 4—BIT 11-BIT fv-IF 
ine Aices oe 7 : SWALLOW PROGRAMMABLE PHASE/FREQ CHARGE ae 
0 A-COUNTER N-COUNTER COMPARATOR PUMP 0 


4 11 
5-BIT 11-BIT 
LATCH LATCH 
{8-BIT SHIFT REGISTER 
15 
ieee 15-BIT LATCH 


14-BIT REFERENCE COUNTER 








FUNCTION 
SELECT 
MUX 






{OUT 
MUX 









RF/IF 


MUX. fo/LD 





14~BIT REFERENCE COUNTER 
DATA 
SERIAL INTERFACE 

LE LOGIC/CONTROL 


BLOCK iE ae 15-BIT LATCH 







FUNCTION 
SELECT 
MUX 





fouT 
CLK MUX 
15 


18-BIT SHIFT REGISTER 


REF OSC f 
OSCin BUFFER i 


7-BIT 11-BIT 
LATCH : LATCH 
6 11 
z 7 PHASE/FREQ |_| CHARGE 
TORE EneScalEr Piet =a AMABILE K COMPARATOR PUMP ee 
32/33 OR 64/65 fv-RF 
fin RF A-COUNTER N-COUNTER 





CONTROL LOGIC 


Figure 1. MC12306 Functional Block Diagram 
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SERIAL PROGRAMMING INTERFACE 


A simple 3—line uni-directional serial interface is used to program the synthesizer. The interface consists of DATA , CLK (clock), 
and LE (load enable) inputs. While the LE input is LOW, a rising edge of the clock shifts one bit of serial data into the internal shift 
registers. The most significant bit (MSB) is shifted in first (SW). The last bit is a control bit which steers the data stream to either 
the Reference Divider (19 bits) or Programmable N/A Divider (22 bits) Latch. When the LE input pulses HIGH, the contents 
shifted in will be latched into the device. Only the last 19 bits (or 22—bits) serially clocked into the device are retained. Additional 
leading bits are ignored. This is useful in those cases where the programmer prefers to deal with bit streams which are multiples 
of a byte in length. 


PROGRAMMABLE REFERENCE DIVIDER 


A 19-bit serial data format is used to access the programmable reference counter and prescaler select bit. There are 3 separate 
fields in this data format which are illustrated below. The first field is 1—bit wide (SW) and selects one of the two modulus 
prescalers. A HIGH selects the lower modulus prescaler pair while LOW selects the higher modulus prescaler pair. The next field 
is 14—bits wide and contains the value of the reference counter divide ratio. The final field is 4—bits wide and is used for 
addressing and control. The first bit in this field is RF/IF, which selects whether the data is going to be latched into the RF section 
(1=RF) or the IF section (O=IF). The next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is 
disabled (O=TE), the output circuitry is shut off to conserve power. The next bit, Lock Detect (LD) controls whether the lock 
detector signal (1=Lock) or the fout (O=fout) is routed to the fo/LD output. The final bit is a control bit R/V which must be set high 
(1=R/V) to address the data stream to the Reference Divider. 


SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 


\ MSB LSB | 


Tw Tre [eT [ole [ee l@[=[~[@[@[~[~ |e] =] o [wr] 





SETTING BITS FOR DIVIDE RATIO OF MUST 
— PROGRAMMABLE REFERENCE COUNTER (R-COUNTER) ~—--» BE A ‘1’ 
RANGE OF R (8 TO 16383) 


ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 
TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 


DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 









PRESCALER SELECT BIT Bins ale SYNTHESIZER SELECT BIT | TEST ENABLE BIT | LD SELECT BIT 
Prescaler Status Signal 
| Synthesizer | Divide Synthesizer RF/IF of TE | From LD | 
Ratio fo/LD fo/LD | 
| RF | 64. 
pe | se Tf. fe To fren] [er 
es 
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PROGRAMMABLE N/A DIVIDER 


A 22-bit serial data format is used to access the N Divider, A Divider, and some test control functions. There are 4 separate fields 
in this data format which are illustrated below. The first field is 11—bits wide and is used to program the N—counter. The next field is 
6—bits wide and is used to program the A—counter. The next field (DCP) is 1—bit wide and it is used to enable and disable the 
charge pump output. If the field is set (1=DCP), the addressed charge pump is placed in a high-impedance state. In normal 
operation, the charge pump is enabled (O=DCP). The final field is 4—bits wide and is used for addressing and control. The first bit 
in this field is RF/IF, which selects whether the data is going to be latched into the RF section (1=RF) or the IF section (O=IF). The 
next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is disabled (O=TE), the output circuitry 
is shut off to conserve power. The next bit Lock Detect (LD) controls whether the lock detector signal (1=Lock) or the fout (O=fout) 
is routed to the fo/LD output. The final bit is a contro! bit R/V which must be set low (0=R/V) to address the data stream to the 
Programmable N/A Divider. 


FIRST BIT SHIFTED IN ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 


LSB MSB 


DOO oe nc ci 





SETTING BITS FOR DIVIDE RATIO MUST 

SETTING BITS FOR DIVIDE RATIO OF N COUNTER OF THE SWALLOW A COUNTER BE A ‘0’ 
RANGE OF N (16 TO 2047) RANGE OF A (0 TO 15) FOR IF 
RANGE OF A (0 TO 63) FOR RF 


CONTROL BIT FOR DISABLING CHARGE PUMP OUTPUT 


ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 
TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 


NOTE: When programming the A-counter for the IF loop, A4 and A5 should be set to ‘0’. 


DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 
Divide 
Ratio A | 













| CHARGE PUMP CONTROL | 


et SELECT | TEST ENABLE BIT "| LD SELECT BIT a 


[—Srtesier [RFF | Santon | ¥e | Saraivonond [16 | BoOupa sane | oor 
ae anes ae [tour | 0 | Namatoperaion [0 
Th ee, oe 







PROGRAMMING CRDER 


There is no specific order by which the data words must be programmed for normal operation. In most applications, the RF and IF 
Programmable Reference Divider words are programmed first and the Programmable N/A Divider words are programmed last. 
The Programmable N/A Divider words are then changed as the synthesizer is tuned to different channels. It is important to note 
that the status of the TE and LD fields of the last word programmed determines the state of the fo/LD output. 
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PROGRAMMING THE STATE OF THE fo/LD OUTPUT 


The multi-function test pin output can be used to observe any one of six internal signals: fr-RF, fr-IF, fv-RF, fv-IF, Lock—RF, and 
Lock-IF. In addition this output pin can be disabled to reduce current consumption of the part and minimize switching noise. All 
these functions are under software control. To fully configure the synthesizer, four data words must be programmed into the 
device to load all the latches. As previously stated, programming order is not important for normal operation. This is not the case 
though when the user would like to observe a test point. Under this condition, the last word loaded determines what test point will 
be observed. The table below illustrates which register needs to be programmed last and the state of the control bits to access 
each test point. 


fr iF Reference Divider 1 0 
N/A Divider 1 0 
Either 1 









fv IF 
Lock IF 




















fr RF Reference Divider 0 
fv RF N/A Divider 1 1 0 
Lock RF Either 1 1 1 
X = Don’t Care 
DIVIDE RATIO SETTING 


fvco = [(PeN)+A]efosc + R with A < N (for continuous frequency steps PeN+A > P(P-1)) 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 


A: Preset divide ratio of binary 4—bit or 6—bit swallow counter (0 to 63, A<N, for RF synthesizer; 0 to 15, ASN, for IF 
synthesizer) 


fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14—bit programmable reference counter (8 to 16383) 
PB: Preset mode of dual modulus prescaler (82 or 64 for RF synthesizer; 8 or 16 for IF synthesizer) 


DATA _ N10 x xX AoC DoP YC RRIF TE YX LD R/V =CTRL BIT (LSB) 


(N/A DIVIDER) 


DATA SW : R13 | RO CRIP xX TE LD R/V = CTRLBIT (LSB) 


(REF DIVIDER) 





| 
| 
: | | | | 
a> 10) pe — thd) ‘ctw | —™ ‘ew 


NOTE:Data shifted into register on rising edge of CLK. 
ts(D) = Setup Time DATA to CLK t,(D) = 10ns 
th(D) = Hold Time DATA to CLK th(D) = 20ns 
tcw = CLK Pulse Width tcw 2 30ns 
tew = LE Pulse Width tEw 2 20ns 
ts(C—>LE) = Setup Time CLK to LE ts(C-—»LE) = 30ns 


Figure 2. Serial Data input Timing 
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PHASE CHARACTERISTICS/VCO CHARACTERISTICS 


The phase comparator in the MC12306 is a high speed digital phase/frequency detector circuit. The circuit determines the “lead” 
or “lag” phase relationship and time difference between the leading edges of the VCO (fv) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of +2n radians. 


The operation of the phase comparator is shown in 3. 


H 

i 

' 

L 

H 

L 
Source 
Sink 


NOTES: Dois a current output. 
Phase difference detection range: -27 to +27 
The spike is output in order to diminish dead band. 


| lsourcel + | lsink| 
Internal Charge Pump Gain = —————_—————-_ = 4mA 
An An 


Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 


fr lags fv in phase OR fv>fr in frequency 


When the phase of fr lags that of fv or the frequency of fv is greater than fr, the Do output will sink current. The pulse width will be 
determined by the time difference between the two rising edges. 


fr leads fv in phase OR fv<fr in frequency 


When the phase of fr leads that of fv or the frequency of fv is less than fr, the Do output will source current. The pulse width will be 
determined by the time difference between the two rising edges. 


fr = fv in phase and frequency 

When the phase and frequency of fr and fv are equal, the charge pump will be in a quiet state, except for current spikes when 
signals are in phase. This situation indicates that the loop is in lock and the phase comparator will maintain the loop in its locked 
state. 
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fr 







PHASE/ 
FREQUENCY 
DETECTOR 









MUX 


CIRCUITRY Oe 








MUX 
CIRCUITRY 


Figure 4. Detailed Phase/Frequency Comparator Block Diagram 


LOCK DETECT 


When the lock detector signal (Lock—IF or Lock—RF) is selected to be routed to the fo/LD output pin, the lock detector circuit 
provides a LOW pulse when fr and fv are not equal in phase or frequency. The output is normally HIGH. LD is designed to be the 
logical NORing of the phase frequency detector’s outputs UP and DOWN. See 6. In typical applications the output signal drives 
external circuitry which provides a steady LOW signal when the loop is locked. See 9. 


fo 


When selected, the output frequency pin (fo/LD) provides a LOW going pulse at the fr or fv rate. The pulse width is determined by 
the frequency in the respective counter. This output is for test purposes only and may not swing all the way down to ground. The 
scope probe capacitive load should be less than 5pF. 


OSCILLATOR INPUT 


The device incorporates an on-chip reference buffer so that an external reference oscillator signal can be ac—coupled to the 
OSCin pin through a coupling capacitor. The magnitude of the ac—coupled signal must be between 500 and 2200 mV 
peak—to—peak. 


Voc 


LOCK DETECT 
OUTPUT 





Figure 5. Typical Lock Detect Circuit 
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ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Vp = Vcc to 6.0V; Ta = —40 to +85°C) 


Supply Current for Vcc 
Supply Current for Vp 
FIN-RF Operating Frequency finmax 2000 MHz Note 5 
fi_min 500 
Fin-lF Operating Frequency finmax 500 MHz Note 5 
tiNmin 40 | 


F 
VIN Input Sensitivity fIN-RF 
(100—500MHZ) f|N-IF 





Oo 
on 






(40-100MHz) fjy-IF 


Oscin 





[vi | rputtOw vonage LK. DATA LE 
Tine | po HIGH Curent (DATA CLK ands) 
Fix ot LOW Curent OAT, CLK angle) 


Charge Pump Output Current 
Do 


Output Disabled 


Output HIGH Voltage (fo/LD) 
Output LOW Voltage (fo/LD) 


Output HIGH Current (fo/LD) 
Output LOW Current (fo/LD) 


1. Voc = 3.3V, all outputs open. 

2. Vcc = 5.5V, all outputs open. 

3. Vp = 3.3V, all outputs open. 

4. Vp = 6.0V, all outputs open. 

5. AC coupling, Fjjy measured with a 1000pF capacitor. 

6. Source current flows out of the pin and sink current flows into the pin, typical charge pump sink and source curves are found in Figure 9. 
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Voc , Voc 
{ 
100pF == O4UF 0.1uF 100pF 
Vp a : He oe Vp 
= = 9 = = 
100pF sue 0.1,F 0.1,F a oe 100pF 
LOW PASS a: = = | Lowpass 


FILTER FILTER 
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MC12306 


| 8 
TCXO 
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|_ Circuit (Optional) 
Figure 6. Typical Applications Exarnple 
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Figure 7. Typical Loop Filter 
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Figure 8. Typical Sub—System Block Diagram 
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Figure 9. Typical MC12306 Charge Pump Sink and Source Current versus Vpo 
(VCC = 2.7V, Ta = 25°C) 
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Product Preview 
Low Voltage Dual RF/IF PLL MC12310 
Frequency Synthesizer 


The MC12310 is a 2.5GHz (RF)/500MHz (IF) monolithic serial input 
dual phase locked loop (PLL) synthesizer. The device contains a 2.5GH2/S00MHz 
complete RF prescaler/PLL synthesizer and an IF prescaler/PLL LOW VOLTAGE DUAL PLL 


synthesizer. It is designed to provide the high frequency RF local FREQUENCY SYNTHESIZER 


oscillator control and IF oscillator control for dual conversion receivers or 
transceivers. The two synthesizers share a common serial programming 
port as well as the reference oscillator input. Each side contains separate 
reference counters for independent programming of the comparison 
frequency. The device is intended for RF personal communication 
applications where small size and low power are critical. 


Motorola’s advanced Bipolar MOSAIC V technology is utilized for low 
power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over a 2.7 to 5.5V supply range for input 
frequencies up to 2.5GHz/500 MHz with a typical current drain of 12.0mA. 
The low power consumption makes the MC12310 ideal for handheid 
battery operated applications such as cordless telephones or wireless | 
LAN cards. Dual modulus prescalers are integrated to provide either a 
32/38 or 64/65 divide ratio for the RF synthesizer and a 8/9 or 16/17 divide A 
ratio for the IF synthesizer. eo 





; 
For additional applications information, two /nterActiveApNote™ DT SUFFIX 
documents containing software (based on a Microsoft Excel PLASTIC TSSOP PACKAGE 
spreadsheet) and an Application Note are available. Please order CASE 948E-02 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 


e Low Power Supply Current of 11.5mA Typical for |cc and 0.5mA Typical 
for Ip 


e Supply Voltage of 2.7 to 5.5V 


e Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
for the RF Synthesizer and 8/9 or 16/17 for the IF Synthesizer 


e On-Chip Reference Frequency Buffer 





e Two Programmable Reference Dividers Consisting of a Binary 14—Bit 
Reference Counter (R = 8 to 16383) 


e Two Programmable Dividers Consisting of a Binary 6-Bit (4 Bit for IF) Swallow Counter and an 11-Bit Counter 
e Integrated Digital Phase/Frequency Detectors 

e Balanced Charge Pump Outputs Which Can Be Disabled Individually Under Software Control 

e Multi-function Test Pin for Observing RF or IF Lock Detect Output or Any One of Four Comparison Signals 

e Test Pin Can Be Disabled Under Software Control to Reduce Current Drain 

e@ Operating Temperature Range of —40°C to +85°C 

@ Space Efficient Plastic Surface Mount TSSOP Package 


MOSAIC V and InterActiveApNote are trademarks of Motorola, Inc. 


This document contains information on a product under development. Motorola reserves the right to 
change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Power Supply Voltage, Pins 1 and 20 —0.5 to +6.0 | voc | 
} sig Storage Temperature Range ~65 to +150 


* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operyating Conditions. 
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ACTUAL SIZE 











Vcc Vp. DoRF GND finRF finRF GND OSCin GND fo/LD 






Reference oscillator input. An external oscillator source must be ac coupled in to this pin 


Power supply for charge pumps. Vp should be greater than or equal to Vcc. Separate pins (Pin 2 for RF/Pin 19 for IF) | 
supply the charge pump circuitry 


Power supply voltage input. Bypass capacitors should be placed close to this pin and connected directly to the ground 
plane. Separate pins (Pin 1 for RF/Pin 20 for IF) supply the internal circuitry. Both Vcc voltages must be equal 






Multi-function digital output. This output is selectable as fr—RF, fr—-IF, fv-RF, fv-IF, Lock—RF or Lock—IF under software 
| control 















comerenarypescalriput forthe IF eyetesizer Tis sini ac-bypasestoground 
faux [1 [Gookineut Rising edge of cook tis data intothesnitregetews ———SSSSCSCSCSC~*d 


Load Enable input. When LE pulses high, data stored in the shift registers is transferred into the appropriate latch 
(depending on the status of the control bits). In addition, while LE is high, the CLK input is disabled 
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DATA 





SERIAL INTERFACE 


FUNCTION 
SELECT 
MUX 






LOGIGCONTROL | L— 
= Sock z aes 15-BIT LATCH four LP >e 
Li MUX 
15 
{8-BIT SHIFT REGISTER 
BT} Ht-BIT 








LATCH i LATCH 
6 11 
S 3 PHASE/FREQ CHARGE 
wag PRESCALER SHALLOW Sain aaAble i COMPARATOR | | PUMP vii 
32/33 OR 64/65 fv-RF 
fin RF A-COUNTER N-~COUNTER 
CONTROL LOGIC 
Figure 1. MC12310 Functional Block Diagram 
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SERIAL PROGRAMMING INTERFACE 


A simple 3—line uni—directional serial interface is used to program the synthesizer. The interface consists of DATA , CLK (clock), 
and LE (load enable) inputs. While the LE input is LOW, a rising edge of the clock shifts one bit of serial data into the internal shift 
registers. The most significant bit (MSB) is shifted in first (SW). The last bit is a control bit which steers the data stream to either 
the Reference Divider (19 bits) or Programmable N/A Divider (22 bits) Latch. When the LE input pulses HIGH, the contents 
shifted in will be latched into the device. Only the last 19 bits (or 22—bits) serially clocked into the device are retained. Additional 
leading bits are ignored. This is useful in those cases where the programmer prefers to deal with bit streams which are multiples 
of a byte in length. 


PROGRAMMABLE REFERENCE DIVIDER 


A 19-bit serial data format is used to access the programmable reference counter and prescaler select bit. There are 3 separate 
fields in this data format which are illustrated below. The first field is 1—-bit wide (SW) and seiects one of the two modulus 
prescalers. A HIGH selects the lower modulus prescaler pair while LOW selects the higher modulus prescaler pair. The next field 
is 14—bits wide and contains the value of the reference counter divide ratio. The final field is 4—bits wide and is used for 
addressing and control. The first bit in this field is RF/IF, which selects whether the data is going to be latched into the RF section 
(1=RF) or the IF section (O=IF). The next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is 
disabled (O=TE), the output circuitry is shut off to conserve power. The next bit, Lock Detect (LD) controls whether the lock 
detector signal (1=Lock) or the fout (O=fout) is routed to the fo/LD output. The final bit is a control bit R/V which must be set high 
(1=R/V) to address the data stream to the Reference Divider. 





SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 
| MSB LSB | 
ow [ato [m2 [a [ato] ro | ne | er | no | ns | me | me | me | at | fo [reir] re | uo | av | 
SETTING BITS FOR DIVIDE RATIO OF MUST 
—————————— PROGRAMMABLE REFERENCE COUNTER (R-COUNTER) 9=—————-———— BEA? 
RANGE OF R (8 TO 16383) 


ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 
TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 


DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 








PRESCALER SELECT BIT | SYNTHESIZER SELECT BIT | TEST ENABLE BIT | LD SELECT BIT 










Prescaler 
Saihaaibes | Divide Synthesizer RF/IF LD 
Ratio 
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PROGRAMMABLE N/A DIVIDER 


A 22-bit serial data format is used to access the N Divider, A Divider, and some test control functions. There are 4 separate fields 
in this data format which are illustrated below. The first field is 11—bits wide and is used to program the N—counter. The next field is 
6-bits wide and is used to program the A—counter. The next field (DCP) is 1—bit wide and it is used to enable and disable the 
charge pump output. If the field is set (1=DCP), the addressed charge pump is placed in a high-impedance state. In normal 
operation, the charge pump is enabled (O=DCP). The final field is 4—bits wide and is used for addressing and control. The first bit 
in this field is RF/IF, which selects whether the data is going to be latched into the RF section (1=RF) or the IF section (O=IF). The 
next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is disabled (O=TE), the output circuitry 
is shut off to conserve power. The next bit Lock Detect (LD) controls whether the lock detector signal (1=Lock) or the fout (O=fout) 
is routed to the fo/LD output. The final bit is a control bit R/V which must be set low (0=R/V) to address the data stream to the 
Programmable N/A Divider. 


FIRST BIT SHIFTED IN ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 


MSB LSB MSB LSB | 
jo] we | ne | 7 [ne fons fone J ns | ne | ns | wo | as | ae | as | ae | ar | a0 | oce | rev 


SETTING BITS FOR DIVIDE RATIO MUST 
SETTING BITS FOR DIVIDE RATIO OF N COUNTER OF THE SWALLOW A COUNTER BE A‘0 
RANGE OF N (16 TO 2047) RANGE OF A (0 TO 15) FOR IF 


RANGE OF A (0 TO 63) FOR RF 





CONTROL BIT FOR DISABLING CHARGE PUMP OUTPUT 


ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 
TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 


NOTE: When programming the A-counter for the IF loop, A4 and A5 should be set to ‘0’. 


DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 


Divide 
Ratio N 


17 








SYNTHESIZER SELECT TEST ENABLE BIT | LD SELECT BIT CHARGE ieet CONTROL 


Synthesizer | RFF || StatusoffoLD | TE | Signal from fo/LD Do Output Status | pep | 
| | 9 || PoweredDown | 0 | four Normal Operation | 0 _| 
| | 





PROGRAMMING ORDER 


There is no specific order by which the data words must be programmed for normal operation. In most applications, the RF and IF 
Programmable Reference Divider words are programmed first and the Programmable N/A Divider words are programmed last. 
The Programmable N/A Divider words are then changed as the synthesizer is tuned to different channels. It is important to note 
that the status of the TE and LD fields of the last word programmed determines the state of the fo/LD output. 
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PROGRAMMING THE STATE OF THE fo/LD OUTPUT 


The multi-function test pin output can be used to observe any one of six internal signals: fr-RF, fr-IF, f'v-RF, fv-IF, Lock-RF, and 
Lock-—IF. In addition this output pin can be disabled to reduce current consumption of the part and minimize switching noise. All 
these functions are under software control. To fully configure the synthesizer, four data words must be programmed into the 
device to load all the latches. As previously stated, programming order is not important for normal operation. This is not the case 
though when the user would like to observe a test point. Under this condition, the last word loaded determines what test point will 
be observed. The table below illustrates which register needs to be programmed last and the state of the control bits to access 
each test point. 


Reference Divider 





N/A Divider 
Either 
fr RF Reference Divider 
fv RF N/A Divider 
Lock RF Either 
X = Don’t Care 
DIVIDE RATIO SETTING 


fvco = [(PeN)+Al]efosc + R with A < N (for continuous frequency steps PeN+A > P(P-—1)) 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 


A: Preset divide ratio of binary 4—bit or 6—bit swallow counter (0 to 63, ASN, for RF synthesizer; 0 to 15, A<N, for IF 
synthesizer) 


fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14—bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (32 or 64 for RF synthesizer; 8 or 16 for IF synthesizer) 


goa, x FO Pid Sh Soka Mocriniae 


(N/A DIVIDER) | 

| — 
DATA sw K R13 | Ro < ari <> LD R/V = CTRL BIT (LSB) 
(REF DIVIDER) _ 





| 
| 
: | | | | | 
— 10) — —> thO) ‘cw } —> lew 


NOTE:Data shifted into register on rising edge of CLK. 
ts(D) = Setup Time DATA to CLK t,(D) = 10ns 
th(D) = Hold Time DATA to CLK th(D) = 20ns 
tcw = CLK Pulse Width tcw 2 30ns 
tew = LE Pulse Width tew 2 20ns 
ts(C—>LE) = Setup Time CLK to LE ts(C-—LE) 2 30ns 


Figure 2. Serial Data Input Timing 
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PHASE CHARACTERISTICS/VCO CHARACTERISTICS 


The phase comparator in the MC12310 is a high speed digital phase/frequency detector circuit. The circuit determines the “lead” 
or “lag” phase relationship and time difference between the leading edges of the VCO (fv) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of +27 radians. 


The operation of the phase comparator is shown in 3. 


H 

L 

H 

L 

H 

L 

Source 
Do tL -—_, ~—____— : 

Sink 


NOTES: Do is a current output. 
Phase difference detection range: -27 to +27 
The spike is output in order to diminish dead band. 


| Isource! + | Isink! 
Internal Charge Pump Gain = —————_————— = 4mA 
4n 4n 


Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 


fr lags fv in phase OR fv>fr in frequency 


When the phase of fr lags that of fv or the frequency of fv is greater than fr, the Do output will sink current. The pulse width will be 
determined by the time difference between the two rising edges. 


fr leads fv in phase OR iv<fr in frequency 


When the phase of fr leads that of fv or the frequency of fv is less than fr, the Do output will source current. The pulse width will be 
determined by the time difference between the two rising edges. 


fr = fv in phase and frequency 


When the phase and frequency of fr and fv are equal, the charge pump will be in a quiet state, except for current spikes when 
signals are in phase. This situation indicates that the loop is in lock and the phase comparator will maintain the loop in its locked 
state. 
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PHASE/ 





FREQUENCY : LD MUX folLD 
DETECTOR : CIRCUITRY 
fv fo 
/\ 
MUX 
CIRCUITRY 
Figure 4. Detailed Phase/Frequency Comparator Block Diagram 
LOCK DETECT 


When the lock detector signal (Lock-IF or Lock—RF) is selected to be routed to the fo/LD output pin, the lock detector circuit 
provides a LOW pulse when fr and fv are not equal in phase or frequency. The output is normally HIGH. LD is designed to be the 
logical NORing of the phase frequency detector’s outputs UP and DOWN. See 6. In typical applications the output signal drives 
external circuitry which provides a steady LOW signal when the loop is locked. See 9. 


fo 


When selected, the output frequency pin (fo/LD) provides a LOW going pulse at the fr or fv rate. The pulse width is determined by 
the frequency in the respective counter. This output is for test purposes only and may not swing all the way down to ground. The 
scope probe capacitive load should be less than 5pF. 


OSCILLATOR INPUT 


The device incorporates an on—chip reference buffer so that an external reference oscillator signal can be ac—coupled to the 
OSCin pin through a coupling capacitor. The magnitude of the ac—coupled signal must be between 500 and 2200 mV 
peak—to—peak. 


Voc 


LOCK DETECT 
OUTPUT 





Figure 5. Typical Lock Detect Circuit 
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ELECTRICAL CHARACTERISTICS (Vcc = 2.7 to 5.5V; Vp = Vcc to 6.0V; Ta = —40 to +85°C) 


ma 


Icc Supply Current for Vcc 
VIN 

VIH_ 

ViL 

NH 

ii 

VOH 

VOL 

IOH | 





[Conaition 


















FIN- Operating Frequency finmax 


FiIN-RF Operating Frequency finmax 2500 | 
finmin 500 


finmin | 


FOSC Operating Frequency (OSCin) TBD 12 40 | MHz 





Input Sensitivity fin-RF 200 | 1000 | mVp_p 
(100-500MHZ) fin-IF 200 | } 1000 
(40—100MHZ) fiy—lF 600 2000s 


ones |__| 


OSCin 


Input HIGH Voltage CLK, DATA, LE 


Vosc 
| Vi—_| Input LOW Voltage CLK, DATA, LE 


losc Input Current (OSCin) 


Input HIGH Current (DATA, CLK and LE) 
) 
| Source _| 


+15 | nA 105V<Vp9<Vp-0.5V | 
V | Voc = 5.0V | 


Vcc = 5.0V 


ff 
oS 


N 
f& 









< 


3 
> 





Charge Pump Output Current ! 
Do 


Output Disabled 


ae Output HIGH Voltage (fo/LD 


HOH — <1 Output HIGH Current (fo/LD 
lol Output LOW Current (fo/LD) 


1. Voc = 3.3V, all outputs open. 

2. Vcc = 5.5V, all outputs open. 

3. Vp = 3.3V, all outputs open. 

4. Vp = 6.0V, all outputs open. 

5. AC coupling, Fj) measured with a 1000pF capacitor. 

6. Source current flows out of the pin and sink current flows into the pin, typical charge pump sink and source curves are found in Figure 9. 


Hii, _| Input LOW Current (DATA, CLK and LE 


) 
Output LOW Voltage (fo/LD) 
) 


2.0 
15 
0 


{ 
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Voc Voc 
{ 
100pF 0.1,F 0.1pF 100pF 
ee ly gee ae 
-_ - 2 - - 
100pF 0.1 uF 0.1UF 100pF 
ae ae ele 


LOW PASS LOW PASS 


FILTER FILTER 





5 
1000pF 1000pF 
6 | __. 
‘one fin RF j Eran 
1000pF 1000pF. 


MC12310 





8 
TCXO 
1000pF 
: From 
Controller 
Lock Detect 10 
Circuit (Optional) 
Figure 6. Typical Applications Example 
Do VCO 


R 


rT 


C2 


Figure 7. Typical Loop Filter 
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Transmit 
Data 
Power RF PLL 
Amplifier 
Transmit 
Modulator Co a re Se a ee re ae ee | 
| RF CHNL | 
DIVIDER RF PHASE/ 
| FREQUENCY | 
| RF REF COMPARATOR | 
| DIVIDER | 
| | 
DUPLEX oe | 
FILTER | IF REF | 
OR | DIVIDER IF PHASE/ | 
ANTENNA | FREQUENCY | 
SWITCH | IF CHNL COMPARATOR | 
l DIVIDER | 
| | 
| MC12310 | 
Cl a a a a ea J 
Low Noise IF PLL 
Amplifier 
| Od) oy Demodulated Data 
First Demodulator 
Mixer Block 
Figure 8. Typical Sub—System Block Diagram 
25 fae 
ie SS RS eae (es ee ee —— a Vp=6V 
20 eee eS Vp=3V P| Vp=4V 
wet EL 
> ae ae ae eee 
= ~05 
5 Vp=3V Vp=4V Vp=5V Vp=6V 
S 090 : 
© 
Ss 
= 
; a i i a ee a a -— 
wt tL 
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eee, 
—2 0 | __ ee Sees nar poem : Panne 
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
VDo (Volts) 
Figure 9. Typical MC12310 Charge Pump Sink and Source Current versus Vpo 
(VCC = 2.7V, TA = 25°C) 
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brief design example. 
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Phase-Locked Loop Design Fundamentals 


Introduction 


The purpose of this application note is to provide the 
electronic system designer with the necessary tools to design 
and evaluate Phase-Locked Loops (PLL) configured with 
integrated circuits. The majority of all PLL design problems 
can be approached using the Laplace Transform technique. 
Therefore, a brief review of Laplace is included to establish a 
common reference with the reader. Since the scope of this 
article is practical in nature all theoretical derivations have 
been omitted, hoping to simplify and clarify the content. A 
bibliography is included for those who desire to pursue the 
theoretical aspect. 


Parameter Definition 


The Laplace Transform permits the representation of the 
time response f(t) of a system in the complex domain F(s). 
This response is twofold in nature in that it contains both 
transient and steady state solutions. Thus, all operating 
conditions are considered and evaluated. The Laplace 
transform is valid only for positive real time linear parameters; 
thus, its use must be justified for the PLL which includes both 
linear and nonlinear functions. This justification is presented in 
Chapter Three of Phase Lock Techniques by Gardner. ! 


The parameters in Figure 1 are defined and will be used 
throughout the text. 





8i(s) Phase Input 

Qe(s) Phase Error 

89(s) Output Phase 

G(s) Product of the Individual Feed 
Forward Transfer Functions 

H(s) Product of the Individual Feedback 
Transfer Functions 


Figure 1. Feedback System 


Using servo theory, the following relationships can be 


obtained.2 


8e(s) = 


Q0(s) = 


1 + G(s) H(s) 


1 
T+ Gs) His) 


GS) __ 9s) 


(5) 


(6) 


These parameters relate to the functions of a PLL as shown 


in Figure 2. 















fj VCO/VCM fo 
to Programmable 
Counter (+N) 
Figure 2. Phase Locked Loop 
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The phase detector produces a voltage proportional to the 
phase difference between the signals 6; and 6)/N. This voltage 
upon filtering is used as the control signal for the VCO/VCM 
(VCM — Voltage Controlled Multivibrator). 


Since the VCO/VCM produces a frequency proportional to 
its input voltage, any time variant signal appearing on the 
conirol signal will frequency modulate the VCO/VCM. The 
output frequency is 


fo=Nti (7) 
during phase lock. The phase detector, filter, and VCO/VCM 
compose the feed forward path with the feedback path 
containing the programmable divider. Removal of the 
programmable counter produces unity gain in the feedback 
path (N = 1). As a result, the output frequency is then equal to 
that of the input. 


Various types and orders of loops can be constructed 
depending upon the configuration of the overall loop transfer 
function. Identification and examples of these loops are 
contained in the following two sections. 


Type — Order 


These two terms are used somewhat indiscriminately in 
published literature, and to date there has not been an 
established standard. However, the most common usage will 
be identified and used in this article. 


The type of a system refers to the number of poles of the 
loop transfer function G(s) H(s) located at the origin. Example: 


10 


G(s) H(s) = s(s + 10) 


let (8) 
This is a type one system since there is only one pole at the 
origin. 
The order of a system refers to the highest degree of the 
polynomial expression 


1+ G(s) H(s) = OAC.E. (9) 
which is termed the Characteristic Equation (C.E.). The 
roots of the characteristic equation become the closed loop 
poles of the overall transfer function. : 


Error Constants 


Various inputs can be applied to a system. Typically, these 
include step position, velocity, and acceleration. The response 
of type 1, 2, and 3 systems will be examined with the various 
inputs. 


8a(s) represents the phase error that exists in the phase 
detector between the incoming reference signal 6;(s) and the 
feedback 6)(s)/N. In evaluating a system, 9e(s) must be 
examined in order to determine if the steady state and 
transient characteristics are optimum and/or satisfactory. The 
transient response is a function of loop stability and is covered 
in the next section. The steady state evaluation can be 
simplified with the use of the final value theorem associated 
with Laplace. This theorem permits finding the steady state 
system error 8e(s) resulting from the input 6;(s) without 
transforming back to the time domain.3 


Simply stated 
Lim [6(t)] = Lim [s@¢(s)] (14) 
t—> o $0 
Where 
Ae(s) @i(s) (15) 


~ ++ G(s) H(s) 
The input signal 9j(s) is characterized as follows: 


Step position: 0;(t)= Cp t20 (16) 


Or, in Laplace notation: 6j(s) = &p (17) 


where Cp is the magnitude of the phase step in radians. This 
corresponds to shifting the phase of the incoming reference 
signal by Cp radians: 


Step velocity: 9;(t) = Cyt t2=0 (18) 


Or, in Laplace notation: 6j(s) = oy (19) 

S 
where Cy is the magnitude of the rate of change of phase in 
radians per second. This corresponds to inputting a frequency 
that is different than the feedback portion of the VCO 





Examiple: frequency. Thus, Cy is the frequency difference in radians per 
6 second seen at the phase detector. 
G(s) AS) = (10 ) 
s(s + 10) Step acceleration: 0;(t) = Cat2 t=0 (20) 
then 
Or, in Laplace notation: @j(s) = 2a (21) 
10 
1 + G(s) H(s) = 1+~——~~ = 0 11 
key) s(s + 10) oe Ca is the magnitude of the frequency rate of change in radians 
beret per second per second. This is characterized by a time variant 
Merete frequency input. 
C.E. = s(s +10) +10 (12) Typical loop G(s) H(s) transfer functions for types 1, 2, and3 
C.E. =s2+10s + 10 (13) are: 
which is a second order polynomial. Thus, for the given G(s) Tvpe 1 G(s) H(s) = K 29 
H(s), we obtain a type 1 second order system. " rn) S(s + a) ee 
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Type2 G(s) H(s) = ae (23) 
Type3 Gs) Hts) = KETME+H gy 


s3 
The final value of the phase error for a type 1 system with a 
step phase input is found by using Equations 11 and 13. 


+ —— 
" s(s+a) 


_ {S + a)Op _ (25) 
(s2 + as + K) 


Be(t = 2) = Lim|s(=2+2—) o |= (26) 
: g3509 - \s?+as+K E 


Thus, the final value of the phase error is zero when a step 
position (phase) is applied. 


Similarly, applying the three inputs into type 1, 2, and 3 
systems and utilizing the final value theorem, the following 
table can be constructed showing the respective steady state 
phase errors. 


Table 1. Steady State Phase Errors for Various System 
Types 


| Type 1 Type 2 Type 3 


Step Continually 
Acceleration Increasing Constant Zero 


A zero phase error identifies phase coherence between the 
two input signals at the phase detector. 





A constant phase error identifies a phase differential 
between the two input signals at the phase detector. The 
magnitude of this differential phase error is proportional to the 
loop gain and the magnitude of the input step. 


A continually increasing phase error identifies a time rate 
change of phase. This is an unlocked condition for the phase 
loop. 


Using Table 1, the system type can be determined for 
specific inputs. For instance, if it is desired for a PLL to track a 
reference frequency (step velocity) with zero phase error, a 
minimum of type 2 is required. 


Stability 

The root locus technique of determining the position of 
system poles and zeroes in the s-plane is often used to 
graphically visualize the system stability. The graph or plot 
illustrates how the closed loop poles (roots of the 
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characteristic equation) vary with loop gain. For stability, all 
poles must lie in the left half of the s-plane. The relationship of 
the system poles and zeroes then determine the degree of 
stability. The root locus contour can be determined by using 
the following guidelines.2 


Rule 1 — The root locus begins at the poles of G(s) H(s) 
(K=0) and ends at the zeroes of G(s) H(s) 
(K =<), where K is loop gain. 


Rule 2 — The number of root loci branches is equal to the 
number of poles or number of zeroes, whichever 
is greater. The number of Zeroes at infinity is the 
difference between the number of finite poles and 
finite zeroes of G(s) H(s). 


Rule 3 — The rootlocus contour is bounded by asymptotes 
whose angular position is given by: 


(2n + 1) 
#P — #Z 


Where #P (#Z) is the number of poles (zeroes). 


nm; n=0,1,2,... (27) 


Rule 4— The intersection of the asymptotes is positioned 
at the center of gravity C.G.: 


= 2P= 22 28 
CG. Ga 2a (28 ) 


Where =P (XZ) denotes the summation of the 
poles (zeroes). 


Rule 5 — Ona given section of the real axis, root loci may 
be found in the section only if the #P + #Z to the 


right is odd. 
Rule 6 — Breakaway points from negative real axis is 
given by: 
gk _ 29 
Ac (29 ) 


Again, where K is the loop gain variable factored from the 
characteristic equation. 


Example: 


The root locus for a typical loop transfer function is 
found as follows: 


G(s) H(s) = Cae (30 ) 


The root locus has two branches (Rule 2) which begin at 
s = 0 ands =-—4 and ends at the two zeroes located at infinity 
(Rule 1). The asymptotes can be found according to Rule 3. 
Since there are two poles and no zeroes, the equation 
becomes: 


forn = 0 
(31) 
forn = 1 


i) 
nie ria 
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The position of the intersection according to the Rule 4 is: 





ge PZ ele Oe 0) 
#P — #Z 2-0 


The breakaway point, as defined by Rule 6, can be found by 
first writing the characteristic equation. 


C.E. = 1 + G(s) H(s) = 0 


Peeaay +4s+K=0 (33 ) 
Now solving for K yields 
K =—s2 4s (34) 


Taking the derivative with respect to s and setting it equal to 
zero, then determines the breakaway point. 


dK _ di o_ 

As s As) (35) 

dak _ = 

de 7 7 28-420 (36 ) 
or 

$=-2 (37) 


is the point of departure. Using this information, the root locus 
can be plotted as in Figure 3. 


The second order characteristic equation, given by 
Equation 29, has be normalized to a standard form2 
s2 + 2Cans + 02 (38 ) 


where the damping ratio 6 = COS 0 (0° < 6 < 90°) and @p is the 
natural frequency as shown in Figure 3. 







ASYMPTOTE = n/2 


CENTER OF GRAVITY 
K=0 
-4 
BREAKAWAY POINT 





ASYMPTOTE = 3x/2 


Figure 3. Type 1 Second Order Root Locus Contour 
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The response of this type 1, second order system to a step 
input, is shown in Figure 4. These curves represent the phase 
response to a step position (phase) input for various damping 
ratios. The output frequency response as a function of time to 
a step velocity (frequency) input is also characterized by the 
same set of figures. 










e/a 
) 2eae ee eeeeee 
Pleas eae alts dee oialiced 


0 
0 10 20 30 40 50 60 7.0 80 90 10 11 12 13 
Wnt 


Figure 4. Type 1 Second Order Step Response 


The overshoot and stability as a function of the damping 
ratio € is iliustrated by the various plots. Each response is 
ploited as a function of the normalized time wnt. For a given & 
and a lock-up time t, the @pj required to achieve the desired 
results can be determined. Example: 


Assume €=0.5 
error < 10% 
fort> 1Ims 


From &=0.5 curve error is less than 10% of final value for all 
time greater than @pt = 4.5. The required mp can then be found 


Ont = 4.5 (39 ) 


or 


( 40 ) 


= 4.5krad/s 
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E is typically selected between 0.5 and 1 to yield optimum 
overshoot and noise performance. 


Example: 


rr 
RE 


Another common loop transfer function takes the form: 


wo eee 
Dns 
ocas 
YAAK 


> =! j 
Gis) His) = 59% (41) 2 A\ ho 
. =) MW 
This is a type 2 second order system. A zero is added to ae Ns 
provide stability. (Without the zero, the poles would move : SAN 
along the jw axis as a function of gain and the system would at a LC] SS 
all times be oscillatory in nature.) The root locus shown in 6 pase We 
Figure 5 has two branches beginning at the origin with one Ga ‘Ss 
asymptote located at 180 degrees. The center of gravity is = 
S=a; however, with only one asymptote, there is no = 
intersection at this point. The root locus lies on a circle S Hit 
centered at s=~—a and continues on all portions of the S i 
negative real axis to left of the zero. The breakaway point is S [| 


S$ =-2a. 


Se 
See 
——— 


— 


jo 


I 
l| 
| 
‘ 


a 
— 





s-plane 





0 10 20 30 40 50 60 7.0 8090 10 11 12 13 14 
yt 
Figure 6. Type 2 Second Order Step Response 


these design constraints is now illustrated. It is desired for the 
system to have the following specifications: 


Output Frequency 2.0MHz to 3.0MHz 
Frequency Steps 100KHz 


Figure 5. Type 2 Second Order Root Locus Contour Phase Coherent Frequency Output ves 


: Lock-Up Time Between Channels ims 
The respective phase or output frequency response of this 
type 2 second order system to a step position (phase) or Overshoot save 
velocity (frequency) input is shown in Figure 6. As illustrated in NOTE: These specifications characterize a system function 
the previous example, the required wy can be determined by similar to a variable time base generator or a frequency 
the use of the graph when € and the lock-up time are given. synthesizer 


. From the given specifications, the circuit parameters shown 
Bandwidth in Figure 7 can now be determined. 


ine 7 edb PanawigtL oer ae aNvenby: The devices used to configure the PLL are: 


= — 92+ /2 — 4t2 4)\1/2 
® — 3dB ont ALE tye — aCe + AG ie) Frequency-Phase Detector MC4044/4344 
for a type 1 second order4 system, and by: Voltage Controlled Multivibrator (VCM) MC4024/4324 
Programmable Counter MC4016/4316 
= De See ) 2 4\1/2 , 
©-3dB con(1 + OLE + Ya + abe + 4 ae") The forward and feedback transfer functions are given by: 
for a type 2 second order! system. 
G(s) = Kp Kf Ko H(s) = Kn ( 44 ) 
Phase-Locked Loop Design Example 
The design of a PLL typically involves determining the type where Kn = 1/N (45) 
of loop required, selecting the proper bandwidth, and The programmable counter divide ratio Kyq can be found 
establishing the desired stability. A fundamental approach to from Equation 3. 
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Programmable 
Counter Ky 





Figure 7. Phase-Locked Loop Circuit Parameters 


Nmin = "5 = Yetep  100KH2 ~ 7° ( 46 ) 
fomax = 3MHz _ 
ma = fstep 100KHz ~ 7° (47) 
ede Ay ed 
Kn = 39 ' 30 use) 


A type 2 system is required to produce a phase coherent 
output relative to the input (See Table 1). The root locus 
contour is shown in Figure 5 and the system step response is 
illustrated by Figure 6. 


The operating range of the MC4024/4324 VCM must cover 
2MHz to 3MHz. Selecting the VCM control capacitor 
according to the rules contained on the data sheet yields 
C=100pF. The desired operating range is then centered 
within the total range of the device. The input voltage versus 
output frequency is shown in Figure 8. 


Vin, INPUT VOLTAGE (VOLTS) 





Where Ky is the sensitivity in radians per second per volt. 
From the curve in Figure 8, Ky is found by taking the reciprocal 
of the slope. 


— 4MHz — 1.5MHz 


Ky = BV 3 6V 2n rad/s/V 
Ky = 11.2 x 106 rad/s/V (50) 
Thus 
6 
Ko ra 12 X10 rad/s/V (51 ) 


The s_in the denominator converts the frequency 
characteristics of the VCM to phase, i.e., phase is the integral 
of frequency. 


The gain constant for the MC4044/4344 phase detector is 
found by® 


DFHigh — UFLow 23Vv — 0.9V 

Kp = “Ban See 0.111V/rad 
(52 ) 

Since a type 2 system is required (phase coherent output) 
the loop transfer function must take the form of Equation 23. 
The parameters thus far determined include Kp, Ko, Kn leaving 
only Ky as the variable for design. Writing the loop transfer 
function and relating it to Equation 23 





Kp Ky Kn Kf K(s + a) 
Sis) == = es (53) 
Thus, Kf must take the form 
Ky = _ a (54) 


in order to provide all of the necessary poles and zeroes for the 
required G(s) H(s). The circuit shown in Figure 9 yields the 





: ee ie Bs ey ue desired results. 
fout, OUTPUT FREQUENCY (MHz) 
Figure 8. MC4324 Input Voltage versus Output Rp C 
Frequency (100pF Feedback Capacitor) 
Ry 
The transfer function of the VCM is given by: => 
K ., . . . 
Ko = ~ (49) Figure 9. Active Filter Design 
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K¢ is expressed by 


_ RoCs + 1 


Kf = RCs for largeA (55) 


where A is voltage gain of the amplifier. 


R37, Ro, and C are then the variables used to establish the 
overall loop characteristics. 


The MC4044/4344 provides the active circuitry required to 
configure the filter Kt. An additional low current high B buffering 
device or FET can be used to boost the input impedance, thus 
minimizing the leakage current from the capacitor C between 
sample updates. As a result, longer sample periods are 
achievable. 


Since the gain of the active filter circuitry in the 
MC4044/4344 is not infinite, a gain correction factor Ke must 
be applied to K¢ in order to properly characterize the function. 
Kc is found experimentally to be Ke = 0.5. 


RoaCs + ") 
R7Cs 


(For large gain, Equation 55 applies.) 


Kfc = Kf Ko = 0.5 ( ( 56 ) 


The PLL circuit diagram is shown in Figure 11 and its 
Laplace representation in Figure 10. 


The loop transfer function is 


G(s) H(s) = Kp Kfc Ko Kn (57) 
G(s)H(s) = Kp(0.5) (“| (S) (A) se) 


The characteristic equation takes the form 


C.E. 


i 


1 + G(s) H(s) = 0 


0.5 Kp Ky Ro 0.5 Kp Ky 


D pects aa 
2 spa BON 


(59 ) 


Relating Equation 59 to the standard form given by 
Equation 38 


0.5 Kp Ky Ro 0.5 Kp Ky 


2 op IV 
s° + —— BIN ° * —RYCN 


= $2 + 2Ca@ns + Wn2 (60 ) 


Equating like coefficients yields 






= on2 (61) 


and ——+————— = 2tun (62 ) 


With the use of an active filter whose open loop gain (A) is 
large (Ke = 1), Equations 61 and 62 become 


Ky K 

PE eis 63 

RiCN Wn ( ) 

Kp Ky Ro 

ee 64 
RN 250n ( ) 


The percent overshoot and settling time are now used to 
determine wn. From Figure 6, itis seen that a damping ratio ¢ = 
0.8 will produce a peak overshoot less than 20% and will settle 
within 5% at wnt = 4.5. The required lock-up time is 1ms. 





“Rewriting Equation 61 





(0.5) (0.111) (11.2 x 106) 
(4500)2 (30) 


R4C = 0.00102 


(Maximum overshootoccurs at Nma, whichis minimum loop 
gain) 





Let C = 0.5uF 

Then Ry = 0.00102 _ 2.04kQ 
0.5 x 10-6 

Use Ry = 2kQ 





11.2 + 496 rad/s/V 


Ss 80(s) 


Figure 10. Laplace Representation of Diagram in Figure 11 
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P3 


Voc 


Figure 11. Circuit Diagram of Type 2 Phase-Locked Loop 


Ry is typically selected greater than 1kQ. 
Solving for Ro in Equation 62 





7 2(0.8) 
(0.5 x 10°6)(4.5k) 
= 711 
Use Ro = 6800 


All circuit parameters have now been determined and the 
PLL can be properly configured. 


Since the loop gain is a function of the divide ratio Kn, the 
closed loop poles will vary its position as Kn varies. The root 
locus shown in Figure 12 illustrates the closed loop pole 
variation. 


The loop was designed for the programmable counter 
N = 30. The system response for N = 20 exhibits a wider 
bandwidth and larger damping factor, thus reducing both 
lock-up time and percent overshoot (see Figure 14). 
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O OO O O 
PO Pi P2 P8 
N = 30 
Wn = 4.61krad/s 
N=20 C = 0.785 
Wn = 5.64krad/s 
¢ = 0.961 ‘ 
/ 
/ 
+———1---— 
\ 
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Figure 12. Root Locus Variation 


NOTE: The type 2 second order loop was illustrated as a 
design sample because it provides excellent performance for 
both type 1 and 2 applications. Even in systems that do not 
require phase coherency, a type 2 loop still offers an optimum 
design. 
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Experimental Results 

Figure 13 shows the theoretical transient frequency 
response of the previously designed system. The curve 
N=30 illustrates the frequency response when the 
programmable counter is stepped from 29 to 30, thus 
producing a change in the output frequency from 2.9MHz to 
3.0MHz. An overshoot of 18% is obtained and the output 
frequency is within 5kHz of the final value one millisecond after 
the applied step. The curve N= 20 illustrates the output 
frequency change as the programmable counter is stepped 
from 21 to 20. 


Since the frequency is proportional to the VCM control 
voltage, the PLL frequency response can be observed with an 
oscilloscope by monitoring pin 2 of the VCM. The average 
frequency response as calculated by the Laplace method is 
found experimentally by smoothing this voltage at pin 2 witha 
simple RC filter whose time constant is long compared to the 
phase detector sampling rate, but short compared to the PLL 
response time. With the programmable counter set at 29 the 
quiescent control voltage at pin 2 is approximately 4.37 volts. 
Upon changing the counter divide ratio to 30, the control 
voltage increases to 4.43 volts as shown in Figure 14. Asimilar 
transient occurs when stepping the programmable counter 
from 21 to 20. Figure 14 illustrated that the experimental 
results obtained from the configured system follows the 
predicted results shown in Figure 13. Linearity is maintained 
for phase errors less than 21, i.e. there is no cycle slippage at 
the phase detector. 










at 3.0 A Va 
aa 
= 
> ‘a N STEPPED FROM 29 TO 30 i 
= 29 
> 
LL 
Ee ed 
p- 
5 N STEPPED FROM 21 TO 20 _ 
2.0 —— 
| ee: 
0 0.5 1.0 1.5 2.0 
TIME (ms) 
Figure 13. Frequency-Time Response 
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443 V 


N STEPPED FROM 29 TO 30 


437V 


3.89 V 
N STEPPED FROM 21 TO 20 


3.83 V 





V = 0.05 V/cm 
H=0.5 ms/cm 


Figure 14. VCM Control Voltage (Frequency) Transient 


Figure 15 is a theoretical plot of the VCM control voltage 
transient as calculated by a computer program. The computer 
program is written with the parameters of Equations 62 and 63 
(type 2) as the input variables and is valid for all damping ratios 
of ¢< 1.0. The program prints or plots control voltage transient 
versus time for desired settings of the programmable counter. 
The lock-up time can then be readily determined as the 
various parameters are varied. (If stepping from a higher 
divide ratio to a lower one, the transient will be negative.) 
Figures 14 and 15 also exhibit a close correlation between 
experimental and analytical results. 


Summary 


This application note describes the basic control system 
techniques required for phase-locked loop design. Criteria for 
the selection of the optimum type of loop and methods for 
establishing the desired performance characteristics are 
presented. A design example is illustrated in a step-by-step 
approach along with the comparison of the experimental and 
analytical results. 
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Analyze, don’t estimate, phase—lock—loop 


performance of type—2, third—order systems. You can do the 
job with a programmable—calculator in 48 steps, or less. 


Phase-lock loops certainly have many uses, especially in 
frequency synthesizers, but exact mathematical calculation of 
their transfer functions is difficult. This is particularly true for 
type—2, third—order systems (Figure 1), which don’t produce 
steady-state phase errors for step—position or velocity signal 
inputs. However, a small programmable calculator, the 
HP-—25, easily — and exactly — determines the complete loop 
transfer function in 48 steps. In addition, the program data 
reveals the noise reduction you can expect for the loop’s 
voltage— controlled oscillator (VCO), as well as the loop’s 
stability. 


Most other design approaches must resort to second—order 
loop approximations to simplify calculations; a more exact 
method manually would take too long. 


Unlike a type—1 loop, a type—2 loop has two true integrators 
within the loop — a VCO and an integrator/filter after the 
phase detector. Replacing the integrator/filter with a 
passive—RC, low-pass filter results in the more common 
type—1 response, which doesn’t have the phase coherence for 
step and velocity inputs between the two signal inputs to the 
phase comparator that the type—2 has. 


Moreover, a third-order loop — the order is usually 
determined by the transfer function of the integrator/filter (Fs) 
— can reduce VCO noise substantially, without increasing 
reference—frequency sidebands in the output signal. These 
sidebands hamper simpler loop—circuit performance. 


The transfer function of a generalized phase—lock loop can 
be represented as follows (Figure 2): 
80 (Ss) G(s) 


8; (Ss) ae a G(s)H(s) oh 


where, from Figure 


G(s) = (Kp) (F(s)) (Ky/s) 
and H(s) = 1/N 


~~ 
© MN 
—~— 


The phase comparator transfer function is Kp and N is a digital 
counter/divider factor. 


A typical integrator/filter built around an op amp (Figure 3) 
has a transfer function determined by the amplifier—circuit’s 
closed— 
loop gain, 


Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 















Integrator 
Filter 
IF(s)] 






Comparator 
[Kp] 





From Crystal 
Reference 
Oscillator in 
Synthesizers 


Divider 
+N 


Figure 1. A type—2 phase—lock loop has two true integrators — 
the integrator/filter (F(s)) and the VCO (Ky). Replacing the 
integrator/filter with a passive—RC network converts the circuit to 
a type—1 system. 





Figure 2. The phase-lock loop’s generalized open— 
loop transfer function, G(s) H(s), has a third-order denominator 
— from which the circuit’s name is derived. 


C2 
C1 R2 
Ri 


Figure 3. An integrator/filter circuit can be built with a wideband 
op amp and RC feedback network. 


Reprinted with permission from Electronic Design, May 10, 1978 (Vol. 26, No. 10). Copyright ©1978, Hayden Publishing Co., inc. 
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Table 1. Third order type—2 PLL 


where Z1=R4 (4) 
Zt = impedance of feedback network 


The transform of the feedback network is 
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s(C1 + C2) + a5 
Zt(s) = Cae aan he (5) 
sC41(sCo + Ro) 


and the integrator/filter transfer function is then 


s(C1 + C2) +a 


ee (6) 
C1R1(sC2 + 55) 


Multiply Equation 6 by Ro/Ra, then 


s(CyRo + CoRo) + 1 


F(s) = — (7) 
sC74R4(sC2Ro + 1) 
or 
sfo +1 
oe 8 

F(s) = ~ sty(eT3 41)’ oy 
where Ty =RiC4 

T2 = Ra(C4 + Ca) 

Tg = RaCe 


The open-loop transfer function of Figure 2 is G(s) H(s); 
therefore, from Equations 2, 3 and 8 


s(T2)(KyKp) + KyKp 


9 
s3NT1T3 + s@NT4 
Note the third—order denominator, from which the circuits 
name — third—order—loop — is derived. Note also the deletion 
of the minus sign: the circuit configuration (a phase inverter) 
provides the negative feedback. Both Kp and Ky are positive. 


If you substitute jo for s in Equation 9, you can get the 
equation for plotting the magnitude and phase of the circuit’s 
open-loop gain as a function of frequency: 


G(s)H(s) = 


jw(T2)(KyKp) + KyKp 
jo8NT{T3 + w2NT4 


G(jo) (jo) = (10) 





Enter program 
Store Ty 















To 


T3 


(KpKy)/N 
















Calculate GJ@hia 
Pas [| | 4 





| as | 
ils ene 
en eae 
cee caer Eee 


(e/en) 









Repeat step 3 
for other values <| - 


of frequency, F 
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1000 
10,000 
94,650 

100,000 
1,000,000 
10,000,000 


* Unity—gain point “™ Maximum overshoot 

A servo—loop damping factor that appears in lower—order 
loops is not defined in third-order loops. Instead you 
determine stability by the phase margin between —180° and 
the phase at a frequency where the gain is unity in the 
open-loop gain function, Gj@Hjq. The largerthe phase margin, 
the more stable the system. A phase margin of about 45° 
produces an adequately damped loop. More than 45° means 
greater stability and, of course, the system may oscillate when 
the margin approaches zero. 


Feedback also reduces noise 

Not only does feedback determine the system’s stability, but 
it also delineates its noise—output characteristics. When 
running free, the VCO is considerably more “noisy” than is the 
circuit’s reference crystal oscillator. But the circuit’s feedback 
loop substantially reduces the VCO’s output—noise spectrum, 
especially, at low frequencies. This particular reduction is 
fortunate, because the VCO’s noise output has i/f 
characteristics: high-frequency noise tends to fall off without 
outside help, but the low frequency needs help. 

An approximate expression for the loop’s output phase 
noise is 


v [ (1 e/en! )(ey) 12 + [ (N)(ex) 12: 


ex = crystal oscillator noise 
ey = VCO noise 
(e/en) = loop’s response to VCO noise. 


(11) 


where 


And the loop’s response to the VCO noise is 


1 
(e/en) ~ TF Gee) (12) 

Although G(s)H(s) determined from Equation 9 is complex, 
only the magnitude of (e/en) from Equation 12 is used in 
Equation 11. Note: The greater the open—loop transfer 
function, G(s)H(s), the smaller the (e/en), and the lower the 
loop’s output noise. However, note also that the reference 
crystal oscillator’s noise contribution is multiolied by the 
divider constant , N, though, hopefully, the crystal—oscillator 
noise is low. 

In addition, you can get a check on the system’s stability by 
plotting the loop’s response to the VCO noise (e/ep), obtained 
from Equation 12, versus frequency. You'll find that the curve 
has a high-pass response with a 12dB/octave slope. For best 
stability, any overshoot at the cutoff frequency should be less 
than 6dB. Of course, lower overshoot represents higher 
stability. 
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Clearly, the ljoop’s mathematical analysis depends mainly 
upon calculation of G(jg) H(j@) in Equation 10. 


Now comes the program 


To make the calculator program simpler, rewrite Equation 
10 as follows: 

KyKp -jaTo — ; 

Giia)H(io) = ——s =| -—S 3 

a) NT42 ate a 


Table 1 contains the program that solves Equation 13. It 
provides both the magnitude and phase angle, 20, of the 
open—loopresponse, Gijq) Hija), given T 4, 12, 13, KpKy/N and 
frequency, f(@=2nf). The open—loop response magnitude is 
given in dB and its phase in degrees. Also, the magnitude of 
the loop’s VCO noise response (Equation 12) is given in dB. If 
answers in dB aren’t required, however, seven steps can be 
eliminated. 


To see how the program works, consider a 960 MHz 
transmitter recently proposed for a Navy application. It calls for 
a phase—lock loop with the following characteristics to 
generate the 960 MHz: 


N = 64 
R71 = 10,0002 
C1 = 4700 x 10-12F 
Ro = 3302 


Co = 470 x 10-12F 
Kp = 0.25V/rad 
Ky = 3x 109 (rad/s)/V 


The stable crystal—oscillator reference frequency used is 
15MHz. The frequency divider and phase comparator are built 
with ECL logic. Frorn the circuit component values and 
transfer constants we obtain: 


Ty = 4.7x 1079s 

To = 1.706 x 10-6s 

T3 = 1.551x 1077s 
(KyKp)/N = 11.72 x 106/s 


The calculator program provided the results in Table 2. Note 
that the phase margin at unity gain corresponding to $4,650Hz 
is 40.15°; thus, the loop is fairly stable. Further, the loop’s 
response to VCO noise shows a maximum overshoot of 
3.30dB at 100,000HZz, which confirms the loop’s stability (less 
than 6dB overshoot). If the phase margin is too small or you 
want overdamped loop operation, the program allows you to 
check the effects of parameter changes and get the 
performance you want, quickly. However, keep all additional 
circuit poles above the area of interest, since they reduce 
phase margin and stability. In addition, don’t ignore the effects 
of stray capacitances. And use a high-gain op amp with a wide 
frequency response and a VCO with a wide modulation 
bandwidth. @ @ 
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Optimize phase-—lock loops to meet 
your needs — or determine why you can’t 


The time constants of a PLL’s integrator/filter are the keys to 
controlling a loop’s performance. In the integrator/filter, you 
can trade off circuit parameters most easily to meet your 
needs. The other loop components (Figure 1) have simple, 
real-valued transfer functions (Ky, Kp, N) that can’t be 
changed as easily. But the integrator/filter’s transfer function 
(Fs), detailed in Figure 1c is the source of the high-order 
complex function in the following equation for open—loop gain: 





KyKp  [-jT2 ~ 1 
(ja) MG) = NT4o2 i +1 | Ty 


where 


T4, T2, Tg = time constants defined in Figure 1c, 
seconds 


Kp = phase—detector gain constant, voits/ 
radian 


Ky = voltage—controlled—oscillator (VCO) 
sensitivity, radians/second/volit 


N = frequency divisor 
@ = (2nf) frequency, radians 


Usually, Kp, Ky and N are given, but you can choose T4, T2 
and T3 to give you the loop performance you want. Generally, 
of course, you want the loop to be stable, to attenuate the 
reference frequency and to reduce VCO noise. But stability, 
being an absolute necessity, gets priority. The other two 
requirements, unfortunately, are inversely dependent and 
must be traded off against each other. 

A damping factor to control stability as in simpler second— 
order loops can’t be readily defined in the third—order loop of 
Figure 1. Instead, the phase margin — the difference between 
180° and the phase of the open-loop transfer function, where 
the gain is one — becomes the criterion for stability. Figure 2 
is a typical open-loop response curve showing both amplitude 
and phase response, and the phase margin. 


In ED No. 10, May 10, 1978, p. 120, A. B. Przedpelski advised: 
“Analyze, don't estimate, phase-lock—loop performance.” He 
showed how to calculate the performance of a given type-2, 
third—order PLL system with a 48-step program for an HP-25 
programmable calculator. This article will show you how to opti- 
mize such a PLL to your requirements. But you will discover that 
you may not be able to get all requirements simultaneously. Com- 
promises may be necessary. 


Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 
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(C) 


Figure 1. A phase—lock loop (a) with two integrators (b) is 
classified type 2. And the order — third, in this case — is 
established by the characteristics of the integrator/filter (c). Time 
constants T;, To, and T3 determine the integrator/ filter’s detailed 
performance. 


Reprinted with permission from Electronic Design, September 13, 1978 (Vol. 26, No. 19). Copyright ©1978, Hayden Publishing Co., Inc. 
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OPEN-LOOP RESPONSE — [G(s) H(s)] 


‘a —180° 

Q 

= 

E 

—t 

o 

= 

=x 
Lu 

0dB D 
= 
oa 

0° 





FREQUENCY 


Figure 2. This open—loop gain/phase plot shows a typical phase 
displacement from -—180°. When the frequency, fo, which 
corresponds to OdB gain, is made to align with the maximum phase 
displacement, calculating T1, To and T3 is simplified. 


NOISE-REDUCTION 
REGION 


OVERSHOOT 





[e/en] 


NOISE 
ATTENUATION 


FREQUENCY 


Figure 3. Increase fg and you increase the noise—-reduction 
region — the shaded area bounded by the OdB line and the 
noise—attenuation curve. 


The asymptotic slope of the amplitude curve is fixed at 40dB 
per octave by the loop’s integrator/filter and VCO. The phase 
delay would be constant at —180°, except for the phase lead 
introduced at the middle frequencies by the transfer function 
F(s). This phase lead provides the phase margin that ensures 
loop stability. 


45° — a good compromise 

The phase margin should be between 30° and 70° for most 
applications. The larger the phase margin, the more stable the 
loop. But a large phase margin not only slows the response, it 
also increases output sidebands and reduces the loop’s 
VCO-noise suppression capability. Thus, a phase margin of 
about 45° is a good compromise between desired stability and 
the other generally undesired effects. 
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ideally, a phase comparator provides an error signal that is 
proportional to the phase difference between its two inputs, 
and nothing else. But in practice, some of the reference 
frequency, f;, always leak through the comparator, which 
frequency modulates the output signal to produce undesirable 
sideband frequencies. Shifting the open—loop gain—amplitude 
curve Of G(jq) Hija) Figure 2 to the left would attenuate f, and 
the sidebands. But sucha shift also would weaken the circuit's 
VCO-noise suppression capability. 


A typical VCO noise-reduction plot is shown in Figure 3. 
Noise attenuates in the region that lies to the left of the curve 
and below the OdB line (shown cross-hatched). The 
unity—gain frequency, fo, defines the noise reduction: It’s 
directly proportional to fo. Clearly, then, shifting the Gijq) H(jq) 
curve to the right by increasing fo will also increase the veo 
noise—reduction region — which is opposite the requirement 
for reducing the sidebands. Thus, as so often happens, you 
must compromise. Locate the point of minimum phase shift 
(inflection point of the phase response, Figure 2) exactly at fo, 
the unity—gain value. 


The inflection point is strategic 


Locating fo at the phase inflection point is strategically 
valuable, because it will help solve for the value of T1. But first 
you must determine T3. Accordingly, from Equation 1 the 
phase margin, 9, is 


o =tan-! wTo-tan-1@1T3+180°. (2) 


Differentiate o with respect to w and set the result equal to zero 
to locate Wo, and the result is 


To 13 


OD) re ee Os 
14+ (0T2)2 1+ (wT3)2 


dw 


Solving Equation 3 then gives you 


! (4) 


Ono = ‘a 
© Te T3 


And substituting Equation 4 into Equation 2 gives you 





Ta — 13 


212 T3 


Finally, plug Equation 4 into Equation 5 and re—arrange to get 


tang = (5) 


_ secd — tang 
seme aaa 


T3 (6) 


Then re—arrange Equation 5 to get 





1 
T2 = (7) 
Wo92T3 


Since you want the gain to be one at the phase-inflection 
point, solve for T 4 in Equation 1 with G(jo) H(ja) = 1; as a result, 


_ KpKy [-jeT2 — 1 
Nw2 | joT3 + 1 





T4 (8) 
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Figure 4. This plot of a PLL’s open-loop transfer function confirms the design—parameter choices — a 45° phase margin at an fg of 100Hz 
and unity gain. The loop is stable, but some adjustments may be desirable. 


The 41 steps 


The program in the table solves Equations 6, 7 and 8 in 41 
steps with an HP—25 programmable calculator. Of course, the 
program can be adapted to other programmable calculators. 


To illustrate the program’s procedure, consider a PLL that 
must produce an output of 16.95MHz from a 5kHz reference, 
fr. The phase comparator, VCO and divider transfer fuctions 
are as follows: 


Kp = 0.19V/rad 


Ky = 10.6 x 106 rad/s/V 
N = 3390 


For stability, start with a phase margin of 45° and an fo of 
about 1/50 of f,. Thus, with 


= 45° 
and 
fo = 5000/50 
= 100Hz, 


calculate Ty, To and T3 with the program: You get 
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T1 = 3.63 x 1073s 
To = 3.84 x 10-33 
T3 = 6.59 x 10-45 


But with those time constants you would need components 
with nonstandard values. However, if you select standard 
capacitors and resistors as follows: 

Co = 0.068pF, 


you get the following time constants: 


Ty = 3.96 x 1073s 
To = 3.98 x 103s 
T3 = 6.8x 104s 


which are close enough for a first try. 


Ry = 12kQ 
Ro = 10kQ 


Verfying the results 

To verify the results, the open—loop transfer function, G(ja) 
H(jo), and noise response, e/en, were calculated with the 
program provided in the previous article and plotted in 
Figure 4 and Figure 5. The curves confirm that the design is 
stable with a maximum phase margin of 45° at a frequency 
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where the open-loop gain is about unity. And the VCO noise— 
reduction curve shows a moderate 3.2dB overshoot with 
noise frequencies below about 70Hz in the attenuation region. 


Still, adjustments may be desired. For instance, if you want 
more reference—frequency (f;) attenuation, the G(ja) H(jo) 
curve can be shifted to the left. Move fg one decade (to about 
10Hz) and you'll increase the fr attenuation by 40dB. Or, if 
noise frequencies above 70Hz are bothersome, you can shift 
the G(j@) Hijo) Curve to the right by increasing fo. 


If you still aren’t satisfied, you can change the phase margin. 
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Enter program 


Store 


Calculate 


Recall 
(if desired) 





~<— NOISE RESPONSE (dB) 





FREQUENCY (Hz) —-——_> 


Figure 5. The noise response calculation corresponding to 
Figure 4 shows that VCO noise is attenuated below about 70Hz. 


Reduce the margin and you improve both f, and VCO-noise 
attenuation — but then you loose some stability. = m 
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Suppress phase—lock-—loop sidebands 
without introducing instability 





Phase—lock-loops: Part Three 


The first two parts of this series showed how to analyze and then 
optimize type-2, third-order PLL systems and provided simple 
calculator programs for an HP-25 to do the otherwise tedious 
computations. 1,2 This article takes youa step further and shows how 
to suppress sidebands, especially undesired when the PLL is used in 
Jrequency-synthesis systems. 





Frequency synthesis, a major application of the phase—lock 
loop (PLL), always involves PLL—performance compromise: 
keeping loop bandwidth as wide as possible to reduce 
acquisition time and voltage—controlled oscillator noise, and at 
the same time suppressing reference—frequency sidebands 
that can pass through wide bandwidths (Figure 1). 


Fortunately, reference frequency is considerably above the 
required loop bandwidth in most cases, which alleviates the 
sideband problem to some extent. But for heavy suppression 
of undesired sidebands, extra filtering is necessary. However, 
it must be done carefully so as not to introduce loop instability. 
Three filtering circuits, none of which reduce bandwidth or 
VCO-noise attenuation can help solve the problem. In fact, an 
active LP-filtering technique, the most versatile and efficient 
of the three, is programmed on an HP-25 to speed the design. 


All methods assume the the PLL, a type—2 third—order 
loop,! meets all requirements@ except adequate reference— 
frequency sideband suppression. The three approaches 
include RC, active—notch and active—LP filtering. The PLL’s 
phase margin serves as a measure of loop stability, since the 
damping-factor concept isn’t applicable to third-order loops:2 
phase margins between 30° and 45° are minimum criteria for 
stable operation. And the filter's action in reducing the 
feedforward gain, G(jq), at the sideband frequencies is the 
criterion for the suppression effectiveness. 


Since H(jq) is equal to 1/N, a constant, then the open-loop 


gain, G(jq) H(j@) in Equation 1, canbe usedasa measure ofthis 
sideband—suppression effectiveness: 





KyK -joTo — 1 
G(ja)H(jo) = =e ees | (1) 


NTyo2 | joT3 + 1 


Kp = gain constant of the phase detector, 
Ky = VCO sensitivity, 
N = counter divide ratio, 
Ti, T2, Tg = integrator/filter time constants. 


Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 





















G (jo) 
eee ee ee ee eee 
Reference Output 
Frequency} _ Phase | Integrator/ Frequency 


Filter 
[Fs] 


Frequency 
Divider +N 


H (ja) 


Comparator 
fo = Nf 
(16.95MHz) 








C2 












0.047uF 
Kp = 0.19V/rad 
Ky = 10.6 x 108 rads/V 


10K N=3390 





Sideband 
Suppression 
Filter 





Ty =RyeCy =2.2x 1073s 
To =Ro(Cy + Ca) 2.67x 1073s 
T3 = RoeCo = 0.47 x 1073s 


NOTE: Similar to example in Phase—lock Loops: 

Part Two (ED 19, Sept. 13, 1978, p/ 134) 

only time constants T;, Tp and T3 have been 
changed, to impreve margin and over—all performance. 


Figure 1. A phase-lock loop frequency synthesizer 
(a) generates 16.95MHz from a crystal~oscillator reference fre- 
quency of 5kHz. To help suppress sidebands, a sideband—sup- 
pression filter is added in tandem with the output of the loop’s origi- 
nal integrator/filter circuit (b). 


Table 1. Filter suppression/phase margin tradeoffs 


Phase 
or ae Margin | 
44 
i 43 
, 31 | 


Phase 
Margin 
Deterio- 
ration 


First 
Sideband 
aoa 


Second 
| Sideband | 
Reduction 


Original | 


RC low—pass 


RC =3x 
10-4 


Notch filter 
|} Q=10 

Q=1 

Q=0.1 


Second— 
order active 
| d= 0.707 
d=0.1 


*Theoretical — actual value about 40dB 


Reprinted with permission from Electronic Design, September 13, 1979 (Vol. 27, No. 18). Copyright ©1979, Hayden Publishing Co., Inc. 
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Table 2. Third order type—2 PLL with two—pole low-pass filter 
















e Registers. 








Simple but limited 


The simpiest approach adds in series with the 
integrator/Filter an RC low-pass section (Figure 2a), whose 
cutoff frquency is larger than the upper end of the loop’s 
bandwidth. For illustration, let the value of RC be 3 x 10~4s for 
the frequency—synthesizer example outlined in Figure 1. (A 
larger value would reduce the sidebands more, but would also 
decrease the phase margin too much.) With a value of 3 x 
10-4, the phase margin remains within a “safe” 30°-to—45°. 
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Instructions. | Data/ 


| Enter program 
Store 


| Enter 


Calculate 
margin 
| Repeat step 3 IG(s) H(s)| | 
for other values 


of frequency, F 





The open-loop transfer function then becomes: 


-joTo2 — 1 





G(ja)H(jo) = | , (2) 


viXp 
NT4o2 | jo(T3 + Ta) + 1 + w2T3T4 


where T4 is the additional RC time constant. 


Solving Equation 1 at frequencies of 5 and 10kHz shows 
that the first sideband (at 5kHz) is reduced a respectable 20dB 
and the second sideband (at 10kHz) even more to 26aB. But 
the phase margin is also reduced to a marginal 32° (Table 1). 

However, an active RC notch filter3 (Figure 2) gives much 
more attenuation at the first sideband (5kHz) and is more 
flexible in some applications. Its gain is 





A(jo) = 1, (3) 


Way 
jol —| - : 


where Wo = the notch frequency (2zfo), 


Q = the circuit Q. 
The open-loop transfer function, the product of Equations 1 





and 3, is 
KyKp 
~ jwTo - 1 ee 
ais 2,1 + o2@T ®o +1]. 
ss ( 13 Q(w2- Wo?) ( Q(w2 — Wo2) 


Although the notch frequency wo must be fixed at the 
reference frequency, the value of Qcan vary. Theoretically, the 
reference frequency receives infinite attenuation. Actually, 
only about 40dB can be realized, even under ideal conditions. 
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RC LOW-PASS 









ACTIVE RC NOTCH FILTER 


SECOND-ORDER ACTIVE LOW-PASS FILTER 
C1 


= 22 

las mtioR 
ci = —1__ 
(2nfgR)* C2 





fo = Reference Frequency 





Figure 2. Many filter configurations can be used to supress sidebands. The simplest is a low-pass RC circuit (a). Somewhat more flexible 
is an active RC notch filter (b). But of all filters, a second—order active low—pass filter (c) is most versatile, since two of its parameters are 


independently adjustable. 


Evaluation of Equation 4 for Q’s of 10, 1 and 0.1 shows that 
high Q values produce negligible phase—margin deterioration, 
but attenuation of the second harmonic of the reference 
frequency is small or zero (Table 1). Ata Q of 0.1, however, the 
second harmonic is reduced 16.5dB, but then the phase 
margin suffers. 


Most versatile, however, is a second-order, active, low— 
pass filter with variable damping (Figure 2c). Its gain (with “s” 
functions of its more familiar form replaced by ja) is:3 


2 
A(jc) = hee ee eae eS ; (5) 
~ we + 2djawn + wn? 


where @n = the filter’s natural pole frequency, 


d = the filter's damping factor. 


This time, multiplying Equations 1 and 5, the overall open— 
loop transfer function bcomes 


seen KyKp 





— joTo —- 1 


Se) 
| jol2dan + T3(wn? — w)| + [on? — w? - 2dT30nw] | 


If Mp is chosen to be 6283 (2x x 1000) at damping factors of 
0.707 (Butterworth response) and 0.1 (16dB_ peak 
Chebyshev), Equation 6 gives the same sideband attenuation 
for both damping factors, but the high-ripple Chebyshev 
deteriorates the phase margin least (Table 1 and Figure 3). 


Since both the pole frequency and the damping factor can 
be varied in Equation 5, the circuit it represents is most 
versatile. Therefore, Equation 6 is programmed for easy 
solution on an HP-25 (Table 2) in 49 steps. However, for 
easier stability evaluation, the program solves directly for the 
phase margin — the difference between 180° and the 
open-loop transfer—function angle — rather than the phase 


MOTOROLA 


angle itself. 


PHASE MARGIN — (DEGREES) 





50 100 500 1000 
FREQUENCY (Hz) 


5000 10000 


Figure 3. A plot of open-loop gain and phase response of the 
system in Figure 1 compares sideband suppression at 5 and 10kHz 
without and extra filter with that of a simple RC and an active, 
second-order filter. 


Clearly, the simple RC circuit is least effecient. It gives the 
least sideband attenuation andthe largest phase—margin 
deterioration. The notch filter, although theoretically capable 
of very high attenuation of the sidebands only with very small 
phase—margin deterioration, generally requires component 
tolerances too critcal for other than some special applications. 
The more complex, active, second—order low—pass filter, 
however, can be tailored to most applications — illustrating an 
often observed design phenomenon: the more complex the 
circuit the better the performance. Of course, then, more 
complex filter circuits than those used in the examples may 
offer even better solutions to sideband reduction. m mw 
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Calculate the noise spectral density and short-term frequency stability in a 
PLL with a programmable calculator, and vary the parameters to trade off 
the noise/functional performance requirements. 


Programmable calculator 
computes PLL noise, stability 


This article is the fourth by the author on phase locked loops, 
starting with “Analyze, Don’t Estimate, Phase—Lock—Loop 
Performance” (May 10, 1978, p. 120); then “Optimize 
Phase—Lock—Loops to Meet Your Needs” (Sept. 13, 1978, p. 134); 
followed by “Suppress Phase-Lock—Loop Sidebands without 
Introducing Instability” (Sept. 13, 1979, p. 142). 


The circuit constants of a phase—lock loop can be optimized 
not only for performance requirements (acquisition time, 
sideband levels, step response, and stability, among others), 
but also for noise output and the resulting short-term (or 
“instantaneous”) frequency stability. Because most other 
frequency generation methods lack this versatile performance 
and noise and stability control, phase—lock loops (PLLs) are 
preferable for frequency synthesis. Moreover, a 
programmable HP-—19C (or 21C) calculator with the proper 
program makes the design tradeoffs between noise effects 
and functional performance requirements relatively easy to 
determine. 


A properly designed frequency synthesizer derived from a 
PLL (Figure 1, top) will offer a high degree of flexibility and 
long-term frequency stability. In a PLL, the frequency of the 
stable reference oscillator (say, a quartz—crystal circuit) can 
be multiplied by a precisely controlled factor over a very wide 
range. Although the PLL may seern more complicated than 
the conventional so-called frequency—multiplier circuit 
(Figure 1, bottom), in practice, the PLL is more efficient, more 
compact, and considerably wider in bandwidth. All the 
advantages increase as the multiplication factor increases. 


in most PLL frequency synthesizers, the primary concern is 
the functional performance—a problem that has been treated 
extensively.1 Even the theoretical aspects of phase noise in 
low-noise signal sources have been extensively covered.2;3,4 
However, specific methods for calculating the noise and short 
term frequency stability and details of the tradeoffs are 
generally not available, except for some recent work by the 
National Bureau of Standards on low noise signal 
sources.9:6,7 





Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 





XTAL | fR Frequency fo=Nfr 
OSC | multiplier x N 


PLL and conventional frequency multiplier 
Figure 1. Although the PLL frequency multiplier (top) looks 
more complex than the conventional multiplier (bottom), it is in fact 
more compact and more flexible, and can handle a much wider 
frequency range. 
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Figure 2. Short-term frequency stability can be far worse 
(bottom) than the long-term average of a PLL system (top). 


Reprinted with permission from Electronic Design, March 31, 1981 (Vol. 29, No. 7). Copyright ©1981, Hayden Publishing Co., Inc. 
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Short-term (or “instantaneously” sampled) frequency 
stability, in the millisecond range, is particularly important for 
accuracy in position—-finding applications, as in LORAN 
navigation and various radar and sonar Doppler systems. 
Even though frequency drift over a short time generally is less 
than the average long-term frequency drift, instantaneously 
measured samples show much wider variations in the 
frequency swings caused by phase noise in the signal source 
(Figure 2). 

The overall phase—noise, or spectral—density output, 
So(c)0, of a PLL8 is found by 


So(w)0 = S(w)VCO| Teen | e+ 


G() 2 
SOIREE] FF Gory |” 


where So(@)VCO is the open-loop spectral density of phase 
fluctuations in the PLL’s voltage—controlled oscillator (VCO) 
and S@(w)REF is the equivalent spectral density of fluctuations 
in the reference oscillator. These phase fluctuations are 
measured in rad2/Hz, but generally plotted in dBc, which is 10 
logio So(@): More commonly, however, vendor—supplied 
phase—noise data, designated £(@), and also measured in 
dBc, are for single—sideband noise. (The dBc designation is 
defined as 10 log{9 of the ratio between the output from a 
spectrum analyzer with a 1-Hz bandwidth and the signal’s 
carrier level.) 


Crystal-reference 













oscillator C2 
15MHz (XO) 
[2()xol C1 | pe 
R1 
To = 1/2nf5 To = Ro(Cy + Co) 
Ty = RyCy Tg = RoCo 


Ag = op amp de gain; fp = frequency at -3dB gain 


300MHz 
Output 

















Phase 
Computation 
[Kp] 


300MHz VCO 
[Ky Ty £f)vCol 


Integrator/filter 
[To, Ty ; To, T3, Ao] 







Frequency Divider 
[N = 20] 


Figure 3. For a fifth-order PLL, four of the time constants are 
determined by the integrator/filter circuit, and the fifth is determined 
by the VCO. 


assuming that 


L(-@) = £(@). 


Therefore, to convert £(a) data to “straight” Sq), data, add 
3dB to the £(w) data and take the antilog. 


An HP-19C program (see “Noise in a 5th—order PLL”) 
calculates this single—sideband noise, where G(@)H(@) is the 
open-loop gain of the PLL1. The feedback path, H(o), is 
simply 1/N; and G(@) equals 


(KpKy/@T 4) (jwT2 + 1) 


. T, 
j | (22 TvT3 - 13 — Ty) + ade | + o(2TyT3 - 1) 


Optimized for functional performance, the following circuit 
constants are used for a typical PLL (Figure 3): 


Ag = 320,000 
To = 7.96 x 10~4s 
Ty = 1.59 x 10-/s 
Ty =2.408 x 10-5s 
To = 2.491 x 10-6s 
T3 = 4.700 x 10-/s 


Kp = 314 x 106 V/rad 
Ky = 0.16 rad/V 
N =20 


The single—sideband phase noise, when calculated by the 
program for a range of so—called Fourier frequencies (offsets 
from a carrier, f = @/2), can be plotted as in Figure 4 (dotted 
line). Although this output phase noise can be reduced by 
varying circuit constants to increase the loop’s bandwidth, 
proceed with caution, because other desirable operating 
characteristics (Such as circuit stability or speed of response) 
could be compromised. The program, however, offers an easy 
way to determine how systematic changes in the parameters 
affect noise. 


Oscillator noise should be low 


In addition to the calculated PLL noise, Figure 4 shows a 
plot of the SSB—noise characteristics of the circuit's VCO and 
crystal—reference oscillator. The oscillators are the main 
source of phase noise in a PLL. The information for plotting 
their noise can be obtained from the manufacturers of the 
oscillators, or from measurements made by the user. 


Where noise reduction is of prime importance select 
oscillators that generate minimum noise and have noise 
spectral densities that complement each other (as in 
Figure 5). The point at which the two curves cross is called the 
crossover frequency (fc) This frequency is an important 
parameter for optimizing a PLL’s noise characteristics. 


In Figure 5, the VCO noise—distribution plot is divided into 
three characteristic regions. High—quality oscillators generally 
exhibit this spectral—density relationship. In region I, So(f) is 
typically proportional to 1/f8, so-called flicker—frequency 
noise; in region Il, So(f) is proportional to 1/f2, so-called 
white-frequency noise; and in region Il, So(c) is constant, 





Accordingly, so-called white-phase noise. Beyond region Ill, the 
bandwidth limitation of the circuit attenuates the noise to 

£(@) = 10 log19 (1/2)Sg(@) (per rad), negligible levels. 
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Noise in 5th order PLL 


Enter program 


Calculate 


4 Repeat step 3 for 
other Fourier frequencies 


NOTE: Enter Sore and Soyto in dB. So answer is in dB. 


(g) LBL O 25 14.00 
PRx 65 
(g) DEG 
(g) x 
x 
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300 MHz LC VCO © 
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15 MHz XO REF 
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SSB PHASE NOISE (dBo/Hz) [£9] 





103 104 109 


FOURIER FREQUENCY (Hz) 
Figure 4. A PLL is optimized for performance characteristics, such 
as stability, response time, and sideband levels; but the noise 


characteristics generally fall where they may, as exemplified in this 
plot of a fifth-order PLL. 
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Figure 5. The “optimum” PLL output—-noise characteristic is the 
one that coincides with the PLL’s intersecting reference crystal 
oscillator and VCO-oscillator noise characteristics (heavy lines). A 
high damping—factor value (such as d=10) makes the best 
correspondence with this criterion. 


102 


— 
fen) 
— 


Region | noise stems from fluctuations in oscillator—circuit 
frequency—control components; region II, from thermal noise 
in the oscillator’s gain element; and region III, from additive 
thermal noise from other elements of the circuit (including the 
gain element). 

A plot of the optimum phase—noise characteristic of a PLL 
would coincide with the lower parts of the two oscillator curves 
(heavy lines in Figure 5). 

The type-2, second-order PLL circuit in Figure 6 helps to 
illustrate how closely this condition can be approached. This 
circuit can be generalized by relating the integrator’s time 
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constants (T4 and T2) and the VCO’s and phase comparator’s 
transfer coefficients (Ky and Kn) with a damping factor (d), and 
with the reference and VCO crossover frequency (fo = @¢/2n), 
as follows: 
d = (1/2) VKpKy/T4; d > 1 
To = 4d2/ao 
T1 = TaKpKy/ae. 


When these circuit parameters are considered together 
with the circuit’s open-loop gain (note: H(@) = 1), 


KyK 


—_——— 


T 102 (= joTo = 1), 


G(jo)H jo) = 


and substituted in the phase—noise equation for So(w)0 the 
PLL’s spectral density becomes 


1 


S =S$ CO we? wo? Sy 
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o(@)REF (1 ~ se ( %e ? 


The “Optimizing PLL Phase Noise” program, with its 
subroutine 0, solves this equation for any Fourier frequency (f 
= @/2n). In Figure 5, solutions are shown for damping-factor 
values (d) of 0.5, 1.0, and 10. 


The largest damping factor (d = 10) causes the noise curve 
to approach the “optimum” noise characteristic most 
closely—when it lies completely between the VCO/reference— 
oscillator lines and as closely as possible to the lower lines. To 
satisfy this criterion, the curve generally passes through the 
frequency crossover point previously mentioned. Larger 
damping values than 10 will provide little further improvement. 
In fact, a larger damping value would slow response more than 
it would lower the noise output. Special cases may require low 
damping factors — a value of 1 or even 0.5 — to get a faster 
response or the special noise—distribution shapes that these 
lower damping factors produce. 


After the phase—noise characteristics (based on the fc of the 
oscillators and a selected damping factor) have been 
calculated, a second part of the optimizing program 
(subroutine 1) can then be used to calculate the time 
constants T4 and T9 for the given Ky and Ky of a type-2 
second-order PLL. 


Determining a PLL’s short-term frequency stability requires 
integration of the spectral density of the phase fluctuations to 
obtain the so-called Allan variance (a dimensionless measure 
of stability, where oy? is Zf,f in a short sample period). Thus 


oy*(t, th) = 


fn 
’ 2 | So(f) sin4 (aft) df, 
TUTE 


0 





HIPERCOMM 
BR1334 — REV 3 


Optimizing PLL phase noise 


Store 





2 ee amen eae 
other values of Fourier Pee et ae el 
frequency ge eee 
fe en cael 
5 Calculate time GSB 1 T1 
constants a tener el tee a T2 


NOTE: Soyco; Soref aNd Shg in dB. Subroutine 0 must be performed before the time constants can be calculated with subroutine 4 


(g) LBL 0 25 1400 
PRx 


(g) x 


0 


(g) 10% 
x 
RCL6 





REGISTERS 








HIPERCOMM 263 MOTOROLA 
BR1334 — REV 3 


~ ghori-term effects 


where t is the sampling time (in seconds), v is the long—term 
average frequency (in Hz), and fh is the bandwidth, or 
maximum excursion of the offset from the carrier (the 
maximum Fourier frequency). 


Figure 7 (top) shows the relationship between frequency or 
phase and the frequency speciral—noise densities, along with 
the resultant short-term frequency stabilities, for several 
distinct types of phase or frequency noise. A typical complex 


signal source such as a PLL) could have a combined — 


short-term frequency stability as in Figure 7 (bottom). But 
such noise types generally do not obey simple integer—power 
curves and, therefore, pose a problem: The Allan equation 
does not have a closed-form solution for fractional powers, so 
it cannot be used directly. Nevertheless, very accurate 
answers can be obtained witn Simpson’s Rule and a 
programmable calculator. 


Although the Allan equation requires integration over the 
Fourier frequency range of 0 to fp, the low-frequency limit of 
Oz cannot be used in a log—log Simpson’s Rule integration. 
Fortunately, frequencies below (2nth)—!, where th is the 
longest sampling time, do not contribute appreciably to the 
value of the Allan variance. The longest sampling time for 
is generally 1s; therefore, for a 
measuring—system bandwidth of 1000Hz, just the Fourier 
frequencies between about 0.16 and an fp of 1O00Hz need be 
considered. (Since the manufacturer did not supply data 
below 2Hz for the reference oscillator and VCO used in 
Figure 5; anew oscillator with data to 0.1Hz was substituted in 
Figure 8, top.) 
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Figure 6. The phase—output noise in this type—2 second-— order 
PLL can be optimized by adjusting the damping factor (d) in relation 
to the oscillator—noise crossover frequency (fc). 


MOTOROLA 


264 


White 
phase 
noise 


Sof) 


f°) 


No 


White 
frequency 
noise 


Soi) 


[F?] 


~~ 


y(t) 


Flicker 
frequency 
noise 


Sof 


[x9 


\" 


— 
h. 
© 
— 

ee eee eee eee eee cee commer comer Gem ome cee eee ec ee eee 


y(t) 


f f | t 
Frequency | Time 
domain | domain 


(log) 












White~phase 
noise region 
y(t) Flicker— 
phase 
noise 
region 


“Long-term” 
frequency drift (such 
as temperature 
effects, aging) 





| White~freq 


| Flicker—freq j 
noise region 


noise region 








Figure 7. The distribution of the different types of frequency and 
phase noise can be expressed as line segments that represent 
powers of frequency or time (top), and the overall distribution of a 
system can be shown by combining appropriate segments (bottom). 


As shown in Figure 7 (bottom) and Figure 8, (top), the 
phase—noise curves can be approximated with straight-line 
segments. The segments are plotted on semilog paper with 
So(f) Measured in dBe on the vertical axis. Therefore, the 
segments, 


y = axd, 


can be established from the end points on their phasenoise 
curves — where Sofi) and Sgf2) correspond to the 
low-frequency (f1) and the high-frequency (fo) end points, as 
follows: 


5 = Dott) = Sette) 
10(logfy — log fo) 


and 


( So(f1) — 10 b log fy 
10 
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With coefficients a and b established for each line segment 


the contributions of each segment to the overall Allan. 


variance oy? can be calculated with the approximate Allan 
equation, 


oy(r, f) = _2a 


fa 
| sin4 (xt) df, 
(tuzt) f 


1 


by a modified Simpson’s Rule program supplied by 
Hewlett-Packard (HP—19C/29C Applications’ Book, 1977). 
The Simpson’s Rule is incorporated into the complete 
program for an HP-19C calculator — “Allan Variance 
Calculations.” With a, b, v, and t estahlished, the only decision 


Reference | fy = 0.1Hz, fo = 10Hz 
oscillator | 4 ~ 1.26x10-12, b =-1.40 
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a =5.01x10-10 b = -3.90 
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fy = 0.1Hz, fo = 100Hz 
a= 4.64x10712, b =-1.83 
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Figure 8. The phase—noise characteristics of the reference 
oscillator and the VCO can be expressed with three straight-line 
segments (I, Il, and Ill); and the PLL output by two (top). The 
short-term stability in the terms of the Allan variance can then be 
calculated by keying the required coefficients as determined from 
the coordinates of these line—segement ends into the calculator (see 
Table) and plotting the results (bottom). 
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remaining, is the number of intervals, n, into which the 
segments must be divided. The more intervals chosen, the 
more accurate the calculation, but the longer the calculation 
takes. A good choice for a minimum n value (which must be an 
even number) is 


n= 10 [t(fo — f4)). 
The calculation time, then, is 0.056n + 0.15min. 


To illustrate an application of the Allan variance 
calculations, the (a and b) program coefficients for the 
straight-line segments making up the VCO, reference 
oscillator, and overall output noise were determined from 
Figure 8 (top). The coefficients are listed in the “Calculated 
Short-term Stability” table. Sample times of 1, 10, 100, and 
1000ms and end frequencies of 0.1, 10, and 1000Hz were 
employed. 

With these inputs, oy? was determined with the Allan 
variance program. The frequency stability 


Gy(t) = VEoy? (t, fh) , 


was Calculated, after summing the individual o 2 contributions 
of each segment. A plot of oy vs sampling time for the VCO, 
reference, and output is shown in Figure 8 (bottom). m m 
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PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

4, DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 
PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 















0.15 (0.006) 








a Ee 

| MIN [| MAX [ MIN | 
| A | 640 | 660 | 0.252 | 0.260_| 
TB | 4.30 | 4.50 | 0.169 
1c, — | 120] — | 0.047 | 
| D | 0.05 | 0.15 | 0.002 | 0.006 | 
| F | 050 | 075 | 0.020 | 0.030 
DETAIL E |G | 0.65BSC 026 BSC 
| H | 0.27 | 037 | 0.011 | 0.015 | 
—=\ | J | 0.09 | 0.20 | 0.004 | 0.008 | 
Ewe at { 009 | ore [a0 [aos 

| K | 0.19 | 030 | 0.007 

/ 0.19 | 025 | 0.007 

> GEE 
DETAIL E 





M SUFFIX 


PLASTIC SOIC PACKAGE 
CASE 966-01 
ISSUE O 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS D AND E DO NOT INCLUDE MO!D 


\ FLASH OR PROTRUSIONS AND ARE MEASURED 
Q AT THE PARTING LINE. MOLD FLASH OR 
1 PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006) 
; PER SIDE. 
4. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 
5. THE LEAD WIDTH DIMENSION (b) DOES NOT 


INCLUDE DAMBAR PROTRUSION. ALLOWABLE 
—>| Lb jx DAMBAR PROTRUSION SHALL BE 0.08 (0.003) 
TOTAL IN EXCESS OF THE LEAD WIDTH 
DETAIL P DIMENSION AT MAXIMUM MATERIAL CONDITION. 
DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT. MINIMUM SPACE 
BETWEEN PROTRUSIONS AND ADJACENT LEAD 
TO BE 0.46 ( 0.018). 





0.13 (0.005) @ 0.10 (0.004) 
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Three Ways To Receive 
Motorola Semiconductor Technical Information 


Literature Distribution Centers 


Printed literature can be obtained from the Literature Distribution Centers upon request. For those items that incur a cost, 
the U.S. Literature Distribution Center will accept Master Card and Visa. 


How to reach us: 
USA/EUROPE: Motorola Literature Distribution; PO. Box 20912; Phoenix, Arizona 85036. 
Phone: 1-800-441-2447 or 602-303-5454 
JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki, 6F Seibu—Butsuryu—Center, 
3—14—2 Tatsumi Koto—Ku, Tokyo 135, Japan. Phone: 03-3521-8315 


HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 51 Ting Kok Road, 
Tai Po, N.T., Hong Kong. Phone: 852-—26629298 


Mfax™ - Touch—Tone Fax 


Mfax offers access to over 30,000 Motorola documents for faxing worldwide. With menus and voice instruction, 
documents can be requested using a touch—tone telephone from any location, 7 days a week and 24 hours a day. The 
Mfax system includes product data sheets, application notes, engineering bulletins, article reprints, selector guides, 
Literature Order Forms, Technical Training Information, and HOT DOCS (4—digit code identifiers for currently referenced 
promotional or advertising material). 


A fax of complete, easy—to—use instructions can be obtained with a first-time 
phone call into the system, entering your FAX number and then, pressing 1. 


How to reach us: 


Mfax: RMFAX0 @ email.sps.mot.com -TOUCH-TONE (602) 244-6609 
or via the http://Design—NET.com home page, select the Mfax Icon. 


Motorola SPS World Marketing Internet Server 


Motorola SPS’s Electronic Data Delivery organization has set up a World Wide Web Server to deliver Motorola SPS’s 
technical data to the global Internet community. Technical data such as the complete Master Selection Guide along with 
the OEM North American price book are available on the Internet server with full search capabilities. Other data on the 
server include abstracts of data books, application notes, selector guides, and textbooks. All have easy text search 
capability. Ordering literature from the Literature Distribution Center is available on line. Other features of Motorola SPS’s 
Internet server include the availability of a searchable press release database, technical training information, with on—line 
registration capabilities, complete on—line access to the Mfax system for ordering faxes, an on—line technical support form 
to send technical questions and receive answers through email, information on product groups, full search capabilities of 
device models, a listing of the Domestic and International sales offices, and links directly to other Motorola world wide web 
servers. For more information on Motorola SPS’s Internet server you can request BR1307/D from Mfax or LDC. 


How to reach us: 
After accessing the Internet, use the following URL: 


http://Design—NET.com 
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MOTOROLA AUTHORIZED DISTRIBUTOR & WORLDWIDE SALES OFFICES 
NORTH AMERICAN DISTRIBUTORS 





UNITED STATES Ales sect neces eee (408)434-0369 GEORGIA 
Future Electronics ............ (408)434-1122 Atianta 
raat Santa Clara _ PAL escetass AisdiareaayS. (404)447-4767 
Arrow/Schweber Electronics ... (205)837-6955 Wyle Electronics ............ (408)727-2500 Time Electronics .......... 1-800-789-TIME 
a ee ee Ae (205)837-9209 ~~ Sierra Madre WEN ODIG acevie curs ae ae 
Se Bones ee PENSTOCK ..............5. (818)355-6775 Duluth | 
bl deli ORIMAIIVEIN, «ook aie (205)837-8700 Sunnyvale Arrow/Schweber Electronics ... (404)497—1300 
pie ea Se Hamitton/Hallmark ........... (408)435-3500 Hamilton/Hallmark .......... (404)623-4400 
Newark ..... eters (205)837-9091 PENSTOCK ................ (408)730-0300 Norcross 
Me ECC TONES sa neous Te0R Tee ME Time Electronics .......... 1-800-789-TIME Future Electronics ........... (770)441-7676 
Wyle Electroni¢s ............. (205)830-1119 ‘Thousand Oaks Newark .........0ccceeeeeee (770)448-1300 
gpa Newark .......0..cc.cee cues (805)449-1480 PENSTOCK ................ (770)734-9990 
PAI hs saailnr baceter akc (602)731—-4661 yotrarice Wyle Electronics ............ (770)441-9045 
ime Electronics .......... 1-800-789-TIME InAHO 
Future Electronics ........... (602)968—7140 Tustin Boise 
Hamilton/Hallmark ............ (602)414—3000 Time Electronics .......... 1-—800-—789-TIME FAI (208)376-8080 
Wyle Electronics ............ (602)804—7000 WoodlandHills #8 = ..}.}}©= 2) (0200000 "sess 
Tempe Hamiltor/Halimark .........-- (818)594-0404 ILLINOIS 
Arrow/Schweber Electronics ... (602)431—0030 Richardson Electronics ...... (615)594-5600 Addison 
NE Wali zak teen indtwareneses (602)966-6340 Go) oRADO Wyle Laboratories ........... (708)620-0969 
PENSTOCK ..............05 (602)967—1620 Lakewood Bensenville 
Time Electronics .......... 1-800-789-TIME BAe Glee Sate so pA (303)237—1400 Parslieiiaiale eee (708)797-7322 
, i 
v anoura Hille Pa a eee Kons) 232-eee PA ste saan (708)843-0034 
Future Electronics ........... (818)865-0040 Newark 0.0.0.0... cceceeee (303)373—-4540 REWANC EI Scones OID eatin (e a) Fea 20) 
Time Electronics Corporate .. 1-800—-789-TIME Englewood Hoffman Estates 
Belmont Arrow/Schweber Electronics ... (303)799-0258 Sees: Electronics ........... (708)882-1255 
Z Pele tet (415)592-9225 emo alan ea arco see Arrow/Schweber Electronics .. (708)250-0500 
Arrow/Schweber Electronics ... (818)880-9686 Time Electronics .......... 1-800-789-TIME  LaFox . 
Wyle Electronics ............ (818)880-9000 Thornton Daeg CHONG tae a Se )208 720) 
Chatsworth Wyle Electronics ............ (303)457-9953 
Time Electronics .......... 1-800-789-TIME CONNECTICUT PENS IOG Ie etre nein LOE) SA S100 
Costa Mesa Bloomfield Schaumburg 
Hamilton/Hallmark ...0....... (714)789-4100 NEWANKC cuecvatea aides (203)243-1731 RewalR ies ene es Seach ces ages 
Culver City Cheshire Time Electronics .......... 1-800-789-TIME 
Hamilton/Hallmark ........... (310)558-2000 FAI x ecicttadcsasesicieetiecs (203)250-1319 Malena sais 
Garden Grove Future Electronics ........... 203)250—0083 . 
Newark .......cecceceeeees (714-893-4909 Hamilton/Hallmark .......... oe ee Arrow/Schweber Electronics ... (317)299-2071 
irvine Southbury Hamilton/Hallmark .......... (317)575-—3500 
Arrow/Schweber Electronics .. (714)587-0404 Time Electronics .......... 1-800-789-TIME FAL. oss sess seers reece eee ees (317)469-0441 
PAM atch cir ee tects wide’ (71 4)753-4778 Waliinafort Future Electronics ........... (31 7)469-0447 
Future Electronics ........... (714)453-1515 Arrow/Schweber Electronics ... (203)265-7741 Newark .......... 6... eee (317)259-0085 
Wyle Laboratories Corporate ... (714)753-9953 FLORIDA Time Electronics .......... 1-—-800-—789-TIME 
Wyle Electronics ............ (714)863-9953 Altamonte Springs Ft. Wayne 
Los Angeles Future Electronics........... (407)865-7900 Newark .....-- 0... e sees eee (219)484-0766 
PAL oki oeasicintuatetirinsedueiten (818)879—1234 Ciearwater PENSTOCK ................ (219)432-1277 
Wyle Electronics ............ (818)880-9000 PAlisiess cocne ela iee Me (813)530-1665 IOWA 
Manhattan Beach Future Electronics ........... (813)530-1222 Cedar Rapids 
PENSTOCK ........ 20.000. (310)546-8953 Deerfield Beach Newark .........-..s... eee (319)393-3800 
Mountain View Arrow/Schweber Electronics ... (305)429-8200 Time Electronics .......... 1-800~-789-TIME 
Richardson Electronics ...... (415)960-6900 Wyle Electronics ............ (305)420-0500 KANSAS 
Newberry Park Ft. Lauderdale Kansas City 
PENSTOCK .............0.. (805)375-6680 7. ee eer ree (305)428-9494 2 (913)381-6800 
Palo Alto Future Electronics ........... (305)436—-4043 Lenexa 
Newark ..........0..0ee eee (415)812-6300 Hamilton/Hallmark ........... (305)484-5482 Arrow/Schweber Electronics ... (913)541-9542 
Riverside NeWalKiiss:cctsovves'ederaness (305)486-1151 Hamilton/Hallmark .......... (913)663~-7900 
Newark? cc icchecsav kien cess (909)784-11 01 Time Electronics .......... 1—800—789-—TIME Olathe 
Rocklin Lake Mary PENSTOCK .............05- (913)829-9330 
Hamilton/Hallmark .......... (916)632—4500 Arrow/Schweber Electronics ... (407)333-9300 Overland Park 
Sacramento Largo/Tampa/St. Petersburg Future Electronics ........... (913)649-1531 
PAW ota Socket eae cies ei (916)782-7882 Hamilton/Hallmark ........... (813)547-5000 Newark ...........-..0..00. (913)677-0727 
Newark .......:csccececuees (916)565-1760 Newark ........ccceececeeee (813)287—1578 Time Electronics .......... 1-800-—789-TIME 
Wyle Electronics ............ (916)638-5282 Wyle Electronics ............ (813)576-3004 MARYLAND 
San Diego Time Electronics .......... 1-800-789-TIME Baltimore 
Arrow/Schweber Electronics .. (619)565—4800 Orlando PAM sand ayacnuaeer ness ae ok (410)312-0833 
FAL cece cence eee ees (619)623-2888 FAluacctseedraveamencosirs (407)865-9555 Columbia 
Future Electronics ........... (619)625-2800 _— Tallahassee Arrow/Schweber Electronics ... (301)596-7800 
Hamilton/Hallmark ........... (619)571—7540 FEA cette, oe htctne ater dant abcess (904)668—-7772 Future Electronics ........... (410)290-—0600 
NOWAK onc Fipetyit eeeieen sa (619)453-8211 Tampa Hamilton/Hallmark .......... (410)720-3400 
PENSTOCK ................ (619)623-9100 PENSTOCK .............05- (813)247-7556 Time Electronics .......... 1-800-789-TIME 
Wyle Electronics ............ (619)565-9171 Winter Park PENSTOCK ..............-. (410)290-3746 
San Jose Hamilton/Halimark .......... (407)657-3300 Wyle Electronics ............ (410)312-4844 
Arrow/Schweber Electronics ... (408)441-9700 PENSTOCK ................. (407)672-1114 Hanover 
Arrow/Schweber Electronics ... (408)428-6400 Richardson Electronics ...... (407)644-1453 Newark ............00 eee eee (410)712-6922 
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AUTHORIZED DISTRIBUTORS - continued 





UNITED STATES - continued. NEW MEXICO . Wyle Electronics ............ (503)643-7900 
Albuquerque Portland 
Alliance Electronics ......... (505)292-3360 PAU ie ec keiyinlsiadeaaones (503)297-5020 
MASSACHUSETTS Hamilton/Hallmark ........... (505)828-1058 Newark éccvacwatesuuuess cage (503)297—1984 
Boston NOWAK iiatntic ker araentents (505)828-—1878 PENSTOCK .............055 (503)646~1670 
Arrow/Schweber Electronics ... (508)658-0900 NEW YORK Time Electronics .......... 1—800-—789-TIME 
FA cotta neil Sat pita Sees oes (508)779-3111 Bohemia PENNSYLVANIA 
Bolton : 5 Newark i: (aide .ta“eSesie: wate ec fel a tele, 'o. Wa L eee Ge (51 6)567—4200 Coatesville 
Future Corporate............ (508)779-3000 Hauppauge PENSTOCK ..............45 (610)383-9536 
Burlington Arrow/Schweber Electronics ... (516)231-1000 Ft. Washington 
PENSTOCK .............04- (617)229-9100 Future Electronics ........... (516)234—4000 Newark o...ss.ceeceesvneees (215)654~1434 
Wyle Electronics ............ (617)271-9953 Hamilton/Hallmark .......... (516)434-7400 Mt. Laurel 
Norwell PENSTOCK 2... eeeeee eee (516)724-9580 Wyle Electronics ............. (609)439-9110 
Richardson Electronics ...... (617)871-5162 Konkoma Montgomeryville 
Peabody Hamilton/Hallmark .......... (516)737-0600 Richardson Electronics ...... (215)628-0805 
Time Electronics .......... 1-800-789-TIME Melville Philadelphia 
Hamilton/Hallmark .......... (508)532-9893 ance lela beeen es (516)293-8446 Time Electronics .......... 1-800-789-TIME 
Woburn ittsfor Wyle Electronics ............. (609)439-9110 
Newark .......c0ceceeeeeees (617)935-8350 seas beets tetra (716)381-4244 —Dittsburgh 
Arrow/Schweber Electronics ... (412)963—6807 
"Doro TON SET CTO NES Sie APACS DO) NeWalktieGrnsintnn huss a a 2y788 4790 
FeAl ee trex bude nue dot ecthaas Se (313)513-0015 EU QUOOICS at iiainae A arses Time Electronics .......... 1~-800-789-TIME 
Future Electronics ........... (616)698-6800 Sele Oe aaa (716)387-9600 TENNESSEE 
. amilton/Hallmark ...... ..-++ (716)272-274 . 
Grand Rapids es ion/Halimark ; (716)272 ° Franklin 
NEWEIC cece wnt aissumneinn’ (616)954~6700 Richardson Electronics ....... (716)264-1100 Richardson Electronics ...... (615)791-4900 
Livonia Time Electronics .......... 1-—800-—789-TIME Knoxville 
Arrow/Schweber Electronics ... (810)455-0850 Rockville Centre — NOWaRK cidiaiie een cee nt 2: (615)588-6493 
Future Electronics ........... (313)261-5270 Richardson Electronics ...... (516)872-4400 TEXAS 
Hamilton/Hallmark .......... (313)416-5800 ‘Syracuse Austi 
*Hria EIGSohibe 1800 786-TINE PAI ics terecdeadottnanietceare (315)451-4405 ustin 
mw. 4 Future Electronics ........... (315)451-2371 ee snes Electronics ... eee ane 
Newark ......... 0000000 eee 315)457—4873 ra a bek dil cies a B 
Newark «2.0... se eeeee sees (810)583-2899 Hin ElecHORIGS 0. wenak ee BAL scuba own loach ctcieas (512)346-6426 
PRNe ct NORTH CAROLINA Hamilton/Hallmark .......... (512)219-3700 
wwe Eearoncs (612)853-2280 Charlotte NOWAII ss ues ars cd ode ctar'e (512)338-0287 
saesllae PALS eau ea ee deed exalt (704)548-9503 PENSTOCK ................ (512)346-9762 
PENSTOCK ................. (612)882-7630 Future Electronics . beter tease (704)547—1107 Time Electronics pial crass ai 1-800~—789-TIME 
Eden Prairie Richardson Electronics ...... (704)548-9042 Wyle Electronics ............ (512)833-9953 
— Raleigh Benbrook 
RR OMOE ERET SICCHONEE iis AD | Be VLE 0 Arrow/Schweber Electronics ... (919)876-3132 PENSTOCK ...........006. (817)249-0442 
Ri elepeeiess aoa a (S1e/247-0808 PAL ieee asc ateciiee (919)876-0088 — Carollton 
UOT CONES eatery tee rch Future Electronics ............ (919)790-7111 Arrow/Schweber Electronics ... (214)380-6464 
Hamilton/Halimark .......... (612)881~2600 Hamilton/Hallmark .......-.. (919)872-0712 _— Dallas 
TMS EICCIOMIES seinettn sal tpSe0- oie Newark ........0.0cecc eens (919)781-7677 BAL ste sand da hceneay adn (214)231-7195 
eeaneapolts Time Electronics ......... . 1~800-789-TIME Future Electronics ........... (214)437-2437 
ig Wea aes (612)331-6350 — QHI0 Hamiltor/Hallmark .......... (214)553-4300 
Earth City Centerville Newark .......cececeeeeeees (214)458-2528 
- SCOUT MADER Sieastisrtcetes (914)291-5350 Arrow/Schweber Electronics ... (513)435-5563 Richardson Electronics ...... (214)239-3680 
r Cleveland Time Electronics .......... 1-800-789-TIME 
St. Louis FAI. deeds od tae (216)446-0061 Wyle Electronics (214)235-9953 
Arrow/Schweber Electronics ... (814)567-6888 Newark ......ccccecccceccen (216)391-9330 Hipass 2=C—*'C=“<i‘i‘ z;OSC~*# 
Future Electronics ........... (314)469-6805 Time Electronics .......... 1-800-789-TIME =) 1 Ga ee eee ee 915)577-9531 
pea sied Ds Sees lhe oitlal ined hohe (915) 5 
FAI eee ee (31 4)542-9922 Columbus Ft Worth 
NONGI sy tenner Aba aad Newark ......ee esse nese ees (614)326-0352 Allied Electronics............ (817)336-5401 
Time Electronics .......... 1-—800—789-TIME Time Electronics .......... 1-—800—789-TIME Houston 
NEW JERSEY Dayton Arrow/Schweber Electronics ... (713)647-6868 
Biicgewalet FAI... +--+ bettie eeteeees (513)427-6090 PAIL 2 auatianetactecally (713)952-7088 
CK oo. eee eee (908)575-9490 Future Electronics ........... (513)426-0090 Future Electronics ............ (713)785-1155 
Cherry Hill Hamilton/Hallmark .......... (51 3)439-6735 Hamilton/Hallmark .......... (71 3)781 -—6100 
Hamilton/Hallmark ............ (609)424—0110 Newark .......ccccceeuceecs (513)294-8980 Newark (713)894-9334 
East Brunswick Time Electronics 1~800-789-TIME oon ice cg 
Newark (908)937-6600 : Pee aye aS Time Electronics .......... 1—800~—789-—TIME 
ca pitak Mast hai piaais aoe Wyle Electronics ............ (713)879-9953 
Se cee tee 201)831-1188 Selon oo §§|.”+~—- Richardson 
Long Island oo : petiole eee Electronics ... (216)248-3990 FENSTOos age eee ew ear Pe > 
PAL pte She teeta falc acehints Seah (516)348-3700 Hamilton/Hallmark ........... (216)498--1100 pan Anionic (210)738-3330 
Marlton | Worthington. ete an, te ema 
Arrow/Schweber Electronics ... (609)596-8000 Hamilton/Hallmark .......... (614)888-3313 UTAH 
Pale Suitcauts oureeasaets (609)988-1500 OKLAHOMA Sait Lake City 
Future Electronics ........... (609)596—4080 Tulsa Arrow/Schweber Electronics ... (801)973-6913 
Pinebrook PAL ect ceacia cone cantatas (918)492~1500 PA acect Gea taed: (801)467-9696 
Arrow/Schweber Electronics ... (201)227—7880 Hamilton/Hallmark .......... (918)459-6000 Future Electronics ........... (801)467—4448 
Wyle Electronics ............. (201)882-8358 Newark .............. ee (918)252-5070 Hamiiton/Hallmark ........... (801)266-2022 
Parsippany OREGON Newark ........0...: cece eee (801)261-5660 
Future Electronics ........... (201)299-0400 Beaverton Wyle Electronics ............ (801)974-9953 
Hamilton/Hallmark .......... (201)515-1641 Arrow/Almac Electronics Corp. . (503)629-8090 West Valley City 
Wayne Future Electronics ........... (503)645-9454 Time Electronics .......... 1-800-789-TIME 
Time Electronics .......... 1-800-789-TIME Hamilton/Hallmark .......... (503)526—6200 Wyle Electronics ............ (801)974-9953 
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UNITED STATES — continued Wauwatosa ONTARIO 
NeWark-.. cose dessie sete (414)453-9100 Kanata 
CANADA PENSTOCK wise ws ow edsins (613)592-6088 
WASHINGTON Mississauga 
Bellevue ALBERTA PENSTOCK ............-00- (905)403-0724 
Almac Electronics Corp. ..... (206)643-9992 Calgary Ottawa 
Newark ..............ee0eee (206)641-9800 Electro Sonic Inc. .......... (403)255-9550 Arrow Electronics ........... (613)226-6903 
PENSTOCK ..............5. (206)454-2371 PAV etitiett ds i oiigaeccee: (403)291-5333 Electro Sonic inc. ........... (613)728-8333 
Richardson Electronics ...... (206)646—-7224 FAL savor hates hanes (613)820-8244 
Bothell ; BAe See a eet ee (403)250-5550 Future Electronics ........... (61 3)820-831 3 
Future Electronics ........... (206)489-3400 Hamilton/Halliiatk ccc cccncs (800)663-5500 Hamilton/Hallmark ........... (613)226—1700 
Redmond Edmonton Toronto 
Hamiltor/Halimark ........... (206)882-—7000 PAI fon bat mites te hil (403)438-5888 Arrow Electronics ........... (905)670-7769 
Time Electronics .......... 1-800-789-TIME E v1 re El ‘: cheba a Z _ - (403)438-2858 Electro Sonic Inc. ........... (416)494—1666 
Wyle Electronics ............. (206)881-—1150 ay ore. 8 ; an PAM clas mes emenacoaaeamlona as (905)612-—9888 
amilton/Hallmark .......... (800)663-5500 RIA 
Seattle Future Electronics ........... (905)6 12-9206 
Alay wine stelonaee aseende (206)485-6616 Saskatchewan faseesssc00 Hamiltor/Hallmark 02.02. ..0- (905)564-6060 
Wyle Electronics ............-. COR)DEN MOO age NOWEIK ds Disord iit pecaeaes (905)670-2888 
Spokane Airoul Electonics (604)421-2333 Richardson Electronics ...... (905)795-6300 
PUT OE eT OMes Coleen KOR) Re een Electro Sonic Inc. ............ (604)273-2911 purere 
Terie EEN este soe epemmaaaaieiins oie ala at Arrow Electronics ............ (514)421-7411 
Future Electronics ............ (604)294-1166 
Arrow/Schweber Electronics ... (414)792-0150 Hamilton/Halimari (604)420~4101 PA ccc criatie dean enema ate Gate (514)694—8157 
Future Electronics ........... (414)879-0244 Future Electronics ........... (514)694-7710 
Wyle Electronics ............ (414)521-9333 MANITOBA Hamilton/Hallmark ........... (514)335—1000 
Milwaukee Winnipeg Richardson Electronics ...... (514)748-1770 
Ree cars teh aia che te (414)792-9778 Electro Sonic Inc. .......... (204)783-3105 Quebec City 
Time Electronics .......... 1-800-—789~-TIME BAL socesohondiese in ace etenate se ee (204)786-3075 Arrow Electronics ........... (418)687—4231 
New Berlin Future Electronics ........... (204)944—1446 PP a stoiagd ames teatah Meta es (418)682-5775 
Hamilton/Hallmark .......... (414)780—7200 Hamilton/Hallmark ........... (800)663-5500 Future Electronics ........... (418)877—-6666 
INTERNATIONAL DISTRIBUTORS 
AUSTRALIA GERMANY NEW ZEALAND 
AVNET VSI Electronics (Australia) ....... (61)2 Avnet E2000 .............. (49) 89 4511001 AVNET VSI (NZ) Ltd......... (64)9 636-7801 
878-1299 EBV Germany .............. (49) 89 456100 NORWAY 
Veltek Australia Pty Ltd ..... (61)3 9808-7511 Future Electronics GmbH ... (49) 89-957 270 Arrow Tahonic A/S ........... (47)2237 8440 
AUSTRIA Jermyn GmbH .............. (49) 6431-5080 Avnet Nortec A/S Norway .... (47) 66 846210 
EBV Austria ................ (43) 1 8941774 Newark .............ce000e (49)2154-70011 PHILIPPINES — 
Elbatex GmbH ................ (43) 1 866420 Sasco GmbH ...........-. ... (49) 89-46110 Alexan Commercial ......... (63) 2241-9493 
Spoerle Austria .......... (43) 222 31872700 Spoerle Electronic .......... (49) 6103-304-0 SINGAPORE 
BELGIUM HOLLAND GEIG veto. Siredevee tol dete (65) 298-7633 
Diode Spoerle .............. (32) 2 725 4660 EBV Holland ............-- (31) 3465 623 53 sStrOng Pte. EG) ssuctntiy se tweaige (65) 276-3996 
EBV Belgium .............+. (32) 2 716 0010 Diode Spoerle BV ........... (31) 4054 5430 Sonn IDR alerts Rid esis Oa) eee fer) 
CHINA HONG KONG : 
Advanced Electronics Ltd. .. . (852)2 305-3633 RE rea Components Ltd. (852)2 357-8888 ee ANTOW .. 2 secre ees a ie Z 
AVNET WKK Components Ltd. (852)2 357-8888 Nanshing Clr, & Chem. Co. Lid (852)2 333-5121 Dae PA SURG nee one ( : . 
China El. App. Corp. Xiamen Co INDIA Selo S: As. cee daad ieee (34) 1 637 10 11 
FEO ee testes (86)592 513-2489 Canyon Products Ltd ...... (91) 80 558-7758 rae be (48) 8 362970 
Nanco Electronics Supply Ltd. ........ (852) 2 INDONESIA ‘Avnet Norse ; AB oie ( 48) 8 629 1400 
333-5121 P.T. Ometraco ............ (62) 21619-6166: - fees hc 
‘ : SWITZERLAND 
Qing Cheng Enterprises Ltd. (852) 2 493-4202 ITALY EBV Switzerland ............ (41) 17456161 
DENMARK Avnet Adelsy SpA .......... (39) 2 38103100 Elbatex AG ........0.0s0eee- (41) 56 275 111 
Arrow Exatec .............. (45) 44 927000 EBV Italy .................0.. (39) 2 660961 Spoerle ...........0ceeeeee- (41) 1 8746262 
Avnet Nortec A/S ........... (45) 44 880800 Silverstar SpA .............. (39) 2 66 12 51 THAILAND 
EBV Denmark ............... (45) 39690511 JAPAN Shapiphat Ltd. .. (66)2221-0432 or 2221-5384 
FINLAND AMSC Co., Ltd. ........... 81-422-54-6800 TAIWAN 
Arrow Field OY ............. (35) 807 775 71 Fuji Electronics Co., Ltd. .... 81-3-3814—-1411 Mercuries & Assoc. Ltd..... (886)2 503-1111 
Avnet Nortec OY ............ (35) 806 13181 Marubun Corporation ...... 81—3-3639-8951 Solomon Technology Corp. ... (886)2 788-8989 
FRANCE Nippon Motorola Micro Elec. . 81-3-3280-7300 Strong Electronics Co. Ltd. .. (886)2 917-9917 
Arrow Electronique ........ (33) 1 49 78 49 78 OMRON Corporation ...... 81-3-3779-9053 UNITED KINGDOM 
Avnet Components ........ (33) 1 49 65 25 00 Tokyo Electron Ltd. ........ 81-3-5561-7254 Arrow Electronics (UK) Ltd . (44) 1 234 270027 
EBV France .............. (33) 1 64 68 86 00 KOREA Avnet/Access ............. (44) 1 462 488500 
Future Electronics ........... (33)1 69821111 Jung Kwang Sa............. (82)2278-5333 Future Electronics Lid. ..... (44) 1 753 763000 
Newark ............0.00005 (33)1-—30954060 Lite-On Korea Ltd. .......... (82)2858-3853 Macro Marketing Ltd. ....... (44) 1 628 60600 
SEl/Scaib .............05 (33) 1 69 19 89 00 Nasco Co. Ltd.............. (82)23772-6800 NOWGIK 64 ian traverses (44) 1 420 543333 
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UNITED STATES PENNSYLVANIA WAI soc cat alecrenets wee is 39(2)82201 
ALABAMA COMMA 5. se eee saws ene eee’ (215)997~-1020 JAPAN 
Piariteeille.ueecteoo icons (205)464~6800 Philadelphia/Horsham ....... (215)957-4100 PUKUOKEcioy-o el eek ses 81-92~725-7583 
ALASKA ................... (800)635-8291 TENNESSEE Gotanda ............ cca ee 81-3-5487-8311 
ARIZONA aaa Knoxville... 00... cece eee (615)584-4841 Nagoya ............ee00ee 81-52—232-—3500 
TOMB ws: cod casts Pleneeaes (602)302-8056 TEXAS Osakas.s so ivemorieiaks ts sete 81-6-305-1802 
CALIFORNIA AUSTIN: 6 viicas cove aae eee ee (512)502-—2100 Sendai ........ceeccccce. 81-22-—268—4333 
Calabasas ..............000- (818)878-6800 Houston ..........--..0205- (713)783-6400 Takamatsu ...........0055 81-878-37-9972 
Irvine ..... cece ccc ew ececeuece (71 4)753~7360 PIANO .heatet ein pose (21 4)51 6-5100 Tokyo Gwe panel ta Vas aN matia.® 90 81-3-~-3440-~-3311 
Los Angeles ........0..ee0e (818)878-6800 VIRGINIA KOREA 
San Diego .......0..0seeeee. (619)541-2163 ie cree eereeeeec eats (804)285-2100 een Sia basen ates cans poner 
COU ai ecw eae a tee eaves 82(2)554~-5118 
eonane Pe eae ie ais Cl Ne tevedlodnctirnhue dec (801)572-4010 Mat AYSIA 
Denver ...........+.+++2++ (303)337-3434 1 WASHINGTON PORANG ccncitasscniaitioacts 60(4)228-2514 
CONNECTICUT Bellevue ............e eee (206)454—4160 MEXICO 
Wallingford ........0...0.00. (203)949-4100 Seattle Access ............. (206)622-9960 Mexico City .............00 52(5)282-0230 
FLORIDA WISCONSIN | Guadalajara ................ 52(36)21-8977 
Clearwater .........0.0.000 (813)524-4177 Milwaukee/Brookfield ........ ee l2e Marketing .............6000. 52(36)21-2023 
Maitland ................00- (407)628-2636 Field Applications Engineering Available Customer Service .......... 52(36)669--9160 
Pompano Beach/Ft. Lauderdale (305)351—6040 Through All Sales Offices NETHERLANDS 
GEORGIA Basi ecans cste peutic (31)4998 612 11 
AANA: 2 ois seer cseeete denne (404)729-7100 CANADA PHILIPPINES 
IDAHO BRITISH COLUMBIA Manila ........... 000. e eee (63)2 822-0625 
BOISE coxdceatosionerere ds (208)323-9413 VANCOUVED ... 2. cece (604)293-7650 PUERTO RICO 
ILLINOIS ONTARIO SANGUAN: hscaeouvdauwe eens (809)282-2300 
Chicago/Schaumburg........ (708)413-2500 Ottawa ........... Sanoeie, (613)226-3491 SINGAPORE .................. (65)4818188 
INDIANA TOROMG: cavcvsaccis th dd.etons (416)497-8181 SPAIN 
Indianapolis ................ (317)571-0400 QUEBEC Madrid .......-..+.eeeeeeeee 34(1)457-8204 
KOKOMO .......c..ee cease (317)455-5100 Montreal ..............0000: (514)333-3300 eee 34(1)457-8254 
ares gta 46(8)734-8800 
Cedar Rapids............... 319)378-0383 OING «eee eee eee eee a 
Anche oe) INTERNATIONAL SWITZERLAND 
Kansas City/Mission ......... (913)451-8555 AUSTRALIA Geneva ........-...0 eee eee 41(22)799 11 11 
MARYLAND Melbourne ................ (61-3)98870711 PUNCH: Gute tet eee Ras eet 41(1)730-4074 
Columbia ...............00- (410)381-1570 ase beeen pete eee e tees (61-2)29661071 TAIWAN ee eee 
MASSACHUSETT. AIDC: sicetestirg adsense ae wnk 6(2)717-7089 
sendin aa : 2 ib decltte as (508)481-8100 Sao Paulo ................ 55(11)815-4200 THAILAND 
Woburn a.35s sone cite. (617)932-9700 CHINA Bangkok ............000005. 66(2)254—4910 
MICHIGAN Beijing ...................5. 86—10-8437222 UNITED KINGDOM 
Detroit ..... 2. cecccccccccee (810)347-6800 Guangzhou ................ 86—20--7537888 Aylesbury ..............4. 44 1 (296)395252 
Literature .............0000. (800)392-2016 Shanghai ........... tetas 86-21-3747668 
MINNESOTA TAN: fos oo Sees Sad eee 86-—22-5325072 
Minnetonka .............-+6. (612)932-1500 FINLAND FULL LINE REPRESENTATIVES 
MISSOURI Helsinki ..............0005 358—0-351 61191 CALIFORNIA, Loomis 
St LOUIS act dees ee (314)275-7380 carphone ................05- 358(49)211501 Galena Technology Group ..... (916)652-0268 
NEW JERSEY FRANCE NEVADA, Reno 
Fairfield ..........ccccceeece (201)808-2400 Pans: 2 custo nee se ee 33134 635900 Galena Tech. Group ......... (702)746-0642 
NEW YORK GERMANY NEW MEXICO, Albuquerque 
Fairport.............ec eee ae (716)425—4000 Langenhagen/Hanover ....... 49(511)786880 S&S Technologies, Inc. ....... (602)414—1100 
PISAKM 2a 6:0. sphet puecenciws ea (914)896-0511 Munich ..........eseeeeee ees 49 89 92103-0 UTAH, Sait Lake City 
Hauppauge ................ (516)361—7000 Nuremberg ..............055 49 911 96-3190 Utah Comp. Sales, Inc. ...... (801)561—5099 
NORTH CAROLINA Sindelfingen ............6.5. 49 7031 79 710 WASHINGTON, Spokane 
M@IGIGN 3:22-scccne fee ees ts (919)870-4355 Wiesbaden ...............0.: 49 611 973050 Doug Kenley ............... (509)924—2322 
OHIO HONG KONG 
Clovelanid sce ste eswudeves (216)349-3100 Kwai Fong .......-.-.-.+5- 852-2-6 10-6888 
Columbus/Worthington ....... (614)431-8492 Tal PO" as is suetantonds 852-2-666-8333 HYBRID/MCM COMPONENT 
Dayton waver ascarvenc eres: (513)438-6800 INDIA SUPPLIERS 
OKLAHOMA Bangalore ................5. 91-80-—5598615 Chip Supply ................ (407)298~7100 
TSA es occ ae aataitg op eacaue (918)459-4565 ISRAEL Elmo Semiconductor ........ (818)768-7400 
OREGON Herdlia ceive. cca cee eee 972-9-590222 Minco Technology Labs Inc. .. (512)834-2022 
Portland ..............0000e (503)641-3681 ITALY Semi Dice Inc. .............. (310)594—4631 
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